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ABSTRACT
Cadmium and zinc were determined in oysters and 
shrimp, and in water and sediments of  t h e i r  immediate en­
vironments, to ascer ta in  i f  these metals were present a t  
toxic l e v e l s .
At two-week in t e r v a ls  over a f u l l  six-month period 
from October 1973 through March 1974, a to ta l  of 312 
samples were co l lected  which consisted of 72 samples each 
of Lower Mississippi  River water and bottom sediments, 24 
samples each of  water and bottom sediments from the Gulf  
of  Mexico, and 60 samples each of shrimp and oysters.
The water samples were assayed for  s a l i n i t y  and pH 
values,  and fo r  cadmium and zinc contents which were de­
termined fo r  a l l  samples of  water ,  sediment, oysters and 
shrimp. The six sets of  water and sediment data re pre ­
sented twelve r e p l i c a t e  ( t ime)  co l le c t io ns  of specimens at  
eight  locat ions ,  one each a t  Baratar ia  Bay and Galveston 
Bay, and six along the 120-mi le ,  highly i n d u s t r i a l i z e d  
course of the r i v e r  between St .  F r a n c i s v i l l e  and Gramercy, 
Louisiana,  a t  sta t ions about 265, 255, 230, 200, 175, and 
145 miles from the mouth of  the r i v e r .  The four sets of  
data for  oysters and shrimp represented twelve r e p l i c a t e  
( t ime)  co l lect io ns  of these s h e l l f i s h  at  f i v e  loc at ions ,
v i i
by manual harvesting a t  the two bays, and by purchase at  
r e t a i l  markets in Baton Rouge, New Orleans,  and Galveston.
The ten sets of  laboratory data were subjected to 
standard analyses of  variance which examined the e f fects  
of time and place of c o l l e c t i o n  of specimens on the mean 
values of cadmium, z inc ,  pH, and s a l i n i t y ,  fo r  the appro­
p r i a te  specimens. The resu l ts  of these analyses ind icated:
(1)  The cadmium content of r i v e r  water was s i g n i f i ­
cant ly  higher than that  of  e i t h e r  bay. The d i f fe rence  be­
tween bays was not s i g n i f i c a n t .
(2)  Values fo r  cadmium in r i v e r  and Baratar ia  Bay 
sediments were very s i m i l a r ,  and they were s i g n i f i c a n t l y  
higher than the value fo r  Galveston Bay.
(3)  Water and sediment values a t  d i f f e r e n t  r i v e r  
stat ions suggest that  cadmium was leached from Baton Rouge 
sediment and then deposited a t  other locat ions fa r t h e r  
downstream.
(4)  River water was s i g n i f i c a n t l y  higher in zinc 
than Baratar ia  Bay water ,  which contained s i g n i f i c a n t l y  
less zinc than Galveston Bay water.
(5)  River sediment was s i g n i f i c a n t l y  lower in zinc 
than Baratar ia  Bay sediment, which contained s i g n i f i c a n t l y  
more zinc than Galveston Bay sediment.
(6)  S a l i n i t y  of r i v e r  water was s i g n i f i c a n t l y  lower 
than that  of  Baratar ia  Bay, which was s i g n i f i c a n t l y  lower 
than that  of Galveston Bay.
v i i  i
(7)  River and Baratar ia  Bay water had s im i l a r  pH 
values which were s i g n i f i c a n t l y  less than that  fo r  Galves­
ton Bay.
(8)  Mean cadmium contents of oysters from the two 
bays were not s i g n i f i c a n t l y  d i f f e r e n t .  Market oysters con­
tained much less cadmium than bay oysters.
(9)  Place of c o l l e c t io n  did not s i g n i f i c a n t l y  a f f e c t  
zinc content of oysters;  those harvested ear ly  in the 
calendar year contained about seven percent more zinc than 
those harvested l a t e  in the year.
(10) Cadmium and zinc contents of shrimp were r e ­
markably constant;  nei ther  time nor place of  c o l l e c t io n  
s i g n i f i c a n t l y  a f fected  cadmium or zinc contents of shrimp.
(11) Bay oysters contained about 30 percent more zinc 
than shrimp.
A matr ix containing a l l  45 possible pairs of  c o r r e ­
l a t i o n  c o e f f i c ie n t s  was computed fo r  the ten c h a r a c te r is ­
t i c s  of  both bays. At Baratar ia  Bay f i v e  r e la t io n s h ip s ,  
three of which involved s h e l l f i s h ,  were s i g n i f i c a n t ,  but 
none of these f i v e  were s i g n i f i c a n t  a t  Galveston Bay, where 
six other r e la t ion s h ips ,  four of  which involved s h e l l f i s h ,  
were s i g n i f i c a n t .
The resu l ts  of  this study ind ica te  that  the zinc and 
cadmium contents of  oysters and shrimp from Baratar ia  Bay 
are very s im i l a r  to those of t h e i r  counterparts from
Galveston Bay, although the environmental var iables  of the 
two bays are s i g n i f i c a n t l y  d i f f e r e n t .
x
INTRODUCTION
Increasing an a ly t ic a l  data v e r i f y in g  the presence 
of p o t e n t i a l l y  toxic  leve ls  of  t race elements in f ish  
and s h e l l f i s h  has focused concern on the d is t r i b u t i o n  
of  these mater ia ls  in marine environments. Limited  
information is a va i lab le  on the content of  cadmium and 
zinc in a number of  marine food products in various  
parts of  the world,  including some locat ions in the 
United States ,  but v i r t u a l l y  no resu l ts  have been published 
on the species from the Gulf  of Mexico.
Per t inent  informat ion on the ex is t ing  leve ls  of  
cadmium and zinc in coastal  waters of  the Gulf  of Mexico 
and in s h e l l f i s h  growing in these areas is urgent ly needed. 
I t  is also imperat ive to r e l a t e  these t race metal levels  
to possible environmental sources and to ind ica te  t h e i r  
r e l a t i v e  tox lco log ica l  impl icat ions in man. F i n a l l y ,  
a v a i l a b i l i t y  of  such data w i l l  enable health agencies 
to recommend regulatory guidel ines fo r  safe consumption 
of these seafoods.
During the past decade, the t r a d i t i o n a l  approach 
of the Food and Drug Administ rat ion to f i sh ery  products 
was re la ted  to microbiological  q u a l i t y ,  general ly  to 
inp lant  s a n i t a t io n .  In the 1960's,  public health
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a t te n t io n  was focused on the virus th re a t  posed by the 
consumption of raw oysters and clams. For tunate ly ,  
no more major outbreaks have occurred since then involving  
th is  disease,  although th is  potent ia l  public heath problem 
remains a reminder to a l l  to maintain establ ished  
sani tary controls .  The 1970's have caused the general  
public to reassess the potent ia l  health hazard presented 
by the vast array of indus t r i a l  and toxic waste mater ia ls  
dumped d a i l y  into r iv ers  and waterways around th is  
nat ion.  In ear ly  1970, i t  became apparent that  mercury 
was now an important po l lu tant  in some sections of the 
Great Lakes region.  Because of the potent ia l  damage to 
w i l d l i f e  and human health by mercury and other 'heavy  
metals,  widespread invest igat ions  were then i n i t i a t e d  
throughout the United States and Canada. Examination 
of indus t r i a l  e f f luen ts  turned up a number of potent ial  
sources of  heavy metals.  Mercury po l lu t ion  of waterways 
and other parts of the environment, which seemed to burst  
into public view as a f u l l  blown c r i s i s  during the past 
several years,  has now been shown to be a slowly 
unfolding saga of  missed warning s igna ls ,  painstaking  
laboratory research and gradual enl ightenment.  Summing 
up the lesson to be learned,  Senator Winston L. Prouty 
(R. V t . )  has said: "What we have learned about mercury
recent ly  indicates that  what we see and know about p o l lu t ion  
is not as f r ighten ing  perhaps as the unknown and unseen"
(C. & E. N . , July 5, 1971 , pp. 22) .
The question of  how these heavy metals a f f e c t  
the q u a l i t y  of  our aquat ic food supply has taken on new 
proport ions,  and many s c ie n t is t s  and public health  
o f f i c i a l s  are searching fo r  answers. Quite pred ic ta b ly ,  
the e f fe ct s  upon f i sh  and s h e l l f i s h  resources have been 
severe. Fish and s h e l l f i s h  are grown and harvested 
in a r e l a t i v e l y  uncontrol led environment when compared to 
our other protein sources. While some f i s h  and s h e l l f i s h  
roam wide areas in search of food (possibly subject ing  
themselves to unknown p o l l u t a n t s ) ,  meat is produced with in  
the confines of a pasture or a feed l o t .
In view of the above mentioned f a c t s ,  i t  would 
seem that  the publ ic ,  regula tory  o f f i c i a l s  and the f ish ing  
industry i t s e l f  need to consider a very few basic facts  
about f i s h e r ie s  products when considered against  the 
rest  of  the foods in order to a n t i c ip a te  and prevent  
problems before they a t t a i n  c r i s i s  proport ions.
Although mercury is a toxic heavy metal found 
in dangerous leve ls  in some foods, much concern has been 
expressed l a t e l y  about cadmium and z inc .  Cadmium is 
close ly  re la ted  to zinc and w i l l  e x is t  wherever zinc is 
found in nature.  Cadmium to zinc r a t io s  w i l l  vary;  in 
most minerals and so i ls  r a t io s  of 1:1 ,000 to 1:12,000  
have been found ( 6 3 , 6 8 ) .  Cadmium is obtained as a 
byproduct in the re f in in g  of  zinc and other metals.  
However, as i t  is d i f f i c u l t  to separate zinc and cadmium,
the l a t t e r  o ften w i l l  be found in small qua nt i t ie s  in 
commercial ly a v a i l ab le  compounds (26 ) .
Since cadmium, a nonessential  t race element, is 
i nv a r ia b ly  re la ted  to zinc in the geosphere and the 
biosphere,  a concern f o r  cadmium is in t im a te ly  connected 
with a concern fo r  z inc .  Humans obtain c e r ta in  quant i t ies  
of cadmium compounds from food and beverages (56 ) .
Some of the cadmium is of  natural  o r i g i n ,  but much is 
introduced by man's excessive indus t r i a l  and technological  
a c t i v i t i e s .  Cadmium-containing f e r t i l i z e r s  and pest icides  
are a major source, and when these products contaminate 
soi l  and water ,  the metal f inds i t s  way into cer ta in  
crops, animals,  f i sh  and s h e l l f i s h .
Some inves t igators  have found evidence that  cadmium 
released into the environment is al ready taking a t o l l  
in l iv es  in the United States.  A s t a t i s t i c a l  survey of  
twenty-eight  c i t i e s  has shown exce l le nt  c o r r e la t io n  between 
environmental cadmium contamination and deaths caused 
by high blood pressure and a r t e r i o s c l e r o t i c  heart  diseases
( 5 ) .  The death ra te  from these causes was considerably  
greater  with a high concentrat ion of cadmium in the 
a i r  as found in such c i t i e s  as Chicago, I l l i n o i s ,  
Phi lade lphia and Bethlehem, Pennsylvania,  than in c i t i e s  
with low concentrat ion such as Eugene, Oregon, and 
Albuquerque, New Mexico. Although the f indings are not 
supported by discoveries in a d i f f e r e n t  study (2 3 ) ,  the
co rre la t io ns  are convincing s t a t i s t i c a l l y ,  having been 
substant iated by another group of s c ie n t is ts  ( 2 2 ) ,  and are 
consistent  with f indings in some other human and animal  
studies (67,  65) .  General research to date indicates  
that  cadmium in food and water in large concentrat ions  
may be a f ac to r  in hastening the aging process in human 
beings (85,  70) .
The Mississippi  River r ises in Minnesota and 
flows southward 2,350 miles to the Gulf  of Mexico, draining  
over 40% of the United States and part  of  Canada. The 
Lower Mississippi  River Basin begins a t  the mouth of  
the Ohio River (Ca i ro,  I l l i n o i s )  and encompasses parts  
of the States of Missouri ,  Kentucky, Arkansas, Tennessee,  
Mississippi  and Louisiana.  The a l l u v i a l  va l le y  of the 
Lower Mississippi  River is a broad, gent ly sloping lowland 
which begins below Cape Girardeau in Missouri ,  and extends 
to the Gulf  of Mexico. This lowland extends more than 
600 mi les ,  varies in width from 30 to 125 miles and is 
bordered by abrupt escarpments. T r ibu tar y  flows j o i n  
the main r i v e r  at various loca t ion .  The lowlands extend 
up these t r i b u t a r i e s  many miles beyond the broad f l a t  
basins in the v i c i n i t y  of  the junct ion .
Flows of  the Lower Mississippi  River are a f fected  
by diversions into the Atchafalaya River through the 
Old River d iversion channel near Coochie, Louisiana.
The main stem of  the Lower Mississippi  River is 
leveed to near i t s  mouth. Outside the levees,  the area
comprises woodlands and large  farms. The more important  
t r i b u t a r i e s  to the Miss issippi  River in the Lower Mississippi  
River basin are the St .  Francis ,  White,  and Arkansas 
f lowing from the west and the Hatchie,  Wolf,  Yazoo, and 
Big Black Rivers draining from the east .  A l l  of these 
discharge into the M is s is s ipp i ,  above the Louisiana-  
Mississippi  s ta te  l i n e  and t h e i r  points of  confluence 
are above the study area of  t h is  research.
The Atchafalaya River is the major d is t r i b u t a r y  
of the Mississippi  River and water d iver ted  from the l a t t e r  
jo ins  the Red River to form the Atchafalaya River .
In addi t ion  to the Atchafalaya d i s t r i b u t a r y ,  water from 
the Mississippi  is pumped over the levee at Donaldsonvi11e 
( r i v e r  mile 175) into Bayou Lafourche to provide raw water  
for  four water plants located on th is  bayou. The 
Mississippi  and Atchafalaya Rivers discharging into the 
Gulf  o f  Mexico, form an extensive and exceedingly valuable  
estuary which is the nursery ground fo r  a large part  of  
the Gulf  Coast's commercial f i s h e r i e s .
Our present general area of  study is the st retch  
of the Mississippi  River main stem from St.  F ra n c is v i11e, 
Louisiana ( r i v e r  mi le 260) to Gramercy, Louisiana ( r i v e r  
mile 146) ,  the Louisiana Gulf  of  Mexico Coast,  and Galveston 
Bay, Texas, also part  of  the Gulf  of  Mexico Coast.  
Approximately f o r t y  i n d u s t r i a l  plants are located on, 
or adjacent to the banks of  the Miss issippi  River port ion
and discharge into th is  120 miles of waterway. Among these 
are the l a rge s t  petroleum r e f i n e r i e s  in the United States,  
several  smal ler  r e f i n e r i e s  and numerous and diverse pet ro­
chemical and chemical plants (F ig .  1 ) .  Most of these 
i ndustr ies  u t i l i z e  the Mississippi  River water as a process 
or cooling water source, or both, and they a l l  discharge 
there in  t h e i r  p a r t i a l l y  t reated  o r ,  in some cases, un­
t reated  wastes (Table l a ) .  Heavy metals such as mercury,  
cadmium, z inc ,  e t c . ,  have been found in waste discharges.  
These wastes are bel ieved to be a major cause of potent ia l  
hazards to aquatic and human l ives  (79 ) .
Object ives
The problem of  cadmium and zinc as potent ia l  
health hazards to f i s h ,  s h e l l f i s h  and humans having thus 
been recognized,  the present study inves t igates:
1. The extent  of  concentrat ion and d i s t r i b u t i o n
of cadmium and zinc in the natural  environment, p a r t i c u l a r l y  
in water and sediment, from the Lower Mississippi  River  
from St.  F r a n c i s v i l l e  to Gramercy, Louisiana,  and in 
Gulf  Coast waters of  Louisiana and Galveston Bay, Texas,  
areas.  This research shal l  o u t l in e  procedures by which 
s i m i l a r  studies can be made and provide data in assessing 
the degree of heavy metal contamination through the rest  
of  the Gulf  Coast and the Miss issippi  River.
2. To f ind  the leve ls  of cadmium and zinc in shrimp 
and oysters of  the Louisiana Coast and c o r r e la te  the degree
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Figure 1 . Indus t r i a l  and Municipal Water Intakes on the Lower Mississippi  River 00
of concentrat ion of these two metals to concentrat ion  
levels found in the surrounding waters.  The c o r r e la t io n  
should ind icate  the degree of absorption of t race heavy 
metals in marine organisms from i t s  environment.
3. To estab l ish  whether these two heavy t race  
metals in marine organisms are from natural  or man-made 
sources.
4. To recognize the problem areas before they 
reach c r i s i s  l e v e l s ,  and predict  which areas would be 
adversely a f fected  by unnatural  addi t ions of these two 
heavy t race metals.
5. To recommend regulatory guidel ines for  safe 
consumption of these seafoods.
Results from th is  comprehensive study w i l l  attempt  
to estab l ish  basel ines f o r  ex is t ing  l e v e l s ,  to r e l a t e  
these leve ls  to possible environmental sources, and to 
discover any s h e l l f i s h  (shrimp and/or oysters)  which 
e x h ib i t  p a r t i c u l a r l y  high leve ls  of  one cr both of these 
two metals,  cadmium and z inc .
REVIEW OF LITERATURE
Occurrence and Possible Routes of D is t r ib u t io n  
of Cadmium and Zinc in the Environment?
Cadmium
As with mercury, widespread environmental exposure 
to cadmium is keyed to increased technological  use. 
I nd u s t r i a l  production of cadmium compounds began in 1907 
in the United States,  and increased here and abroad during 
the period 1925 through 1935. Analysis of how this metal 
is used by industr ies  in the United States is helpful  
in determining i t s  release into the environment.
The most comprehensive survey of this type was 
rece nt ly  prepared under the auspices of the National  
A i r  P o l lu t ion  Control Administrat ion (NAPCA), now a part  
of the federal  Environmental Protect ion Agency (43 ) .
The data in d i c a te ,  on the basis of representat ive  sampling,  
that  4.6 m i l l i o n  pounds of  cadmium were put into the a i r  
from human a c t i v i t i e s  during 1968. The amount presumably 
is even large r  a t  present since cadmium comsumption appears 
to be on the r i s e  (3 5 ) .
There are no cadmium ores as such, and the metal is 
obtained as a byproduct in the r e f in ing  of zinc and other  
metals.  However, as i t  is d i f f i c u l t  to separate zinc 
and cadmium, the l a t t e r  w i l l  o f ten be found in small amounts
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in commercial ly a v a i lab le  zinc compounds ( 6 ) .  A ce r t a in  
amount of  cadmium is in most m u l t ip l e - m e t a l l i c  ores,  but 
genera l ly  in the form of cadmium s u l f id e  or cadmium 
carbonate.  Cadmium dust ,  fumes, and mist are common 
byproducts during the re f in in g  of z inc ,  copper, and lead.
The NAPCA study shows that  processing and re f in in g  
of cadmium-bearing ores in the z inc ,  lead,  copper and cadmium 
industr ies  released an estimated 2.1 m i l l i o n  pounds of 
cadmium into the a i r  in 1968, 45 percent of the to ta l  
of 4 .6  m i l l i o n  pounds discharged tha t  year .  The remaining 
52 percent of the atmospheric cadmium came from operations  
a t  the other end of the l i n e ;  the inc inera t ion  or disposal  
of cadmium-containing products. The la rgest  amount in 
waste consisted of cadmium e le c t ro p la t in g  used as a corrosion-  
r e s i s t a n t  coating for  i ron and steel  products. Large amounts 
of cadmium also were in galvanized metal ,  since zinc 
compounds used in galvanizing contain about 0.04 percent  
cadmium. The 38.5 m i l l i o n  tons of scrap steel  purchased 
by the steel  industry in 1968 were estimated to contain
2.04 m i l l i o n  pounds of cadmium from cadmium plated and 
zinc galvanized steel  in the scrap. An estimated 2 m i l l i o n  
pounds of cadmium were released into the atmosphere when 
th is  scrap was melted down during the steel  making process 
( 6 6 ) .  Two other types of waste handling also produced 
large emissions of cadmium. One was melt ing down discarded 
automobile radia tors  to recover copper. An estimated
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250.000 pounds of cadmium associated with the copper 
vaporized and entered the atmosphere. The other operation  
was inc inera t ion  of so l id  wastes. P las t ic  b o t t l e s ,  auto 
seat covers, f u r n i t u r e ,  f l o o r  coverings,  and numerous 
items made of polyvinyl  ch lor ide  are l i k e l y  to contain  
cadmium compounds as color ing agents or s t a b i l i z e r s .
Based on an estimated 0.003 pounds of  cadmium per ton
in 63,500,000 tons of so l id  waste burned in 1968, more 
than 190,000 pounds of cadmium were emitted from sol id  
waste inc in era t io n  s i t e s .
Cadmium, widely d is t r ib u te d  in small amounts in s o i l s ,  
occurs as the mineral  greenocki te (CdS), usual ly associated  
with zinc ores (66) .
In soi l  surveys an average of 0.06 ppm of cadmium 
was reported (4 2 ) ,  al though L i t t l e  amd Mar t in  (33) evaluated  
the cadmium content of the soi l  to be 6.45 ppm around a 
smelting complex. On United States highways, a survey 
covering nine states showed a concentrat ion of 1.0 to
1.5 ppm except in Santa Clara ,  C a l i f o r n i a ,  where a value of
10.0 ppm was recorded (6 1 ) .
Contamination of the soi l  by cadmium occurs from 
water-borne and a i r -borne  chemicals,  such as superphosphate 
f e r t i l i z e r s  (62 ) .  Commercial phosphate f e r t i l i z e r s  have 
as much as 1.8 ppm of cadmium, and superphosphate f e r t i l i z e r  
up to 8.9 ppm. The o r i g i n  apparent ly is phosphate rock 
mined from deposits with large sedimentary bands of
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f o s s i l i z e d  f i s h  teeth r i c h  in cadmium. Cadmium is also 
introduced into  the environment in zinc and cadmium containing  
fungic ides ,  a dozen of  which are a v a i l a b le  in the United 
States.  One inv e s t ig a t io n  in Canada showed a considerable  
accumulation of cadmium residue in apples a f t e r  a s ingle  
cover spray of cadmium chlor ide  fungic ide .  The metal was 
apparent ly t rans located  from the f o l i a g e  to the f r u i t  ( 59 ) .
The use of these fungicides also may p a r t i a l l y  account  
fo r  elevated leve ls  of  cadmium in some vegetables,  potatoes 
and tobacco. The concentrat ions of cadmium in tobacco 
averages about 1.4 micrograms per c i g a r e t t e .  This is 
p a r t i c u l a r l y  a serious source of exposure, since inhaled  
cadmium oxide fumes are more immediately toxic than are 
cadmium sa l ts taken o r a l l y .  In a d d i t io n ,  from ten to 
twenty c ig a r e t te s  a day t h e o r e t i c a l l y  could increase the 
body burden of absorbed cadmium by one to four micrograms 
d a i l y  (41 ) .
In areas not known to be pol luted  by cadmium, values 
of less than 1 ppb have been reported in water.  Values 
exceeding 10 ppb have been recorded both in natural  waters 
and in water fo r  human consumption. Increased amounts 
of cadmium can be due to the contamination of water e i th er  
by ind u s t r i a l  discharges or by the metal or p la s t i c  pipes 
used in i t s  d i s t r i b u t i o n  (6 4 ) .  Yamagata and Shigematsu (84)  
have pointed out tha t  in the r i v e r s  pol luted by cadmium, 
the metal w i l l  of ten be undetectable in the water phase
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while large concentrat ions w i l l  be found in suspended p a r t i c le s  
and in the bottom sediments.
The most convincing evidence that  general ind us tr ia l  
discharges contaminate the nat ion 's  r i v e rs  is found in 
a study of t race metals in U.S. surface waters,  which was 
published in October 1970 by the U.S. Geological Survey 
(57 ) .  From 720 samples taken from r iv ers  and re se rv oi rs ,  
a t o ta l  of  33, or about 4 percent,  had cadmium concentrat ions  
that  exceed the 10 micrograms per l i t e r  (equivalent  to 
0.01 mi l l igram per 1.056 quarts)  maximum al lowable level  
fo r  drinking water set  by the United States Public Health 
Service (PHS). Of the 33 excessively contaminated samples,
23 came from r i v e r  water downstream from major municipal  
or ind u s t r i a l  complexes. The other 10 highly contaminated 
samples came from surface water sources fo r  public water 
suppl ies for  large c i t i e s .  By comparison, none of the samples 
taken from undeveloped drainage basins to provide reference ,  
or base l in e  values,  have cadmi urn val ues that  exceeded the 
USPHS standards fo r  dr inking water.  Cadmium leve ls  in 
the base l ine  samples ranged as high as the maximum al lowable  
l i m i t ,  and other studies have shown even higher natural  
values (64) .
Cadmium concentrat ion was 130 ppb in mater ia l  dredged 
from Lake E r ie ,  according to an analysis by the Federal  
Water Qual i ty  Administrat ion (4 6 ) .  This was accepted as 
an ind ica t ion  of the degree of cadmium concentrat ion in
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some of the estimated 13 m i l l i o n  tons of pol luted dredging 
wastes dumped annual ly into U.S. coastal  waters.  Such 
dredging is done by the U.S. Corps of Engineers or under 
Corps permit.
Exposure to cadmium in food varies g re a t l y  and sometimes 
with no d is ce rn ib le  pat tern .  The only extensive studies  
have been by Schroeder (6 4 ) ,  and selected resul ts  from 
this study are presented in Table 1 . In summary, c e r ta in  
seafoods were highly contaminated. Oysters had as much as 
3.66 ppm cadmium. High concentrat ions of  cadmium were 
also discovered in s h e l l f i s h  apparent ly contaminated by 
sludge from a Swedish bat tery  p lant  (30 ) .
The kidney is the major s i t e  of cadmium deposits 
in animals,  and th is  probably explains high leve ls  in 
beef kidneys. In studies in Germany ( 3 2 ) ,  seven samples 
of beef kidneys had an extremely high average of 12 ppm 
cadmium, and one sample had 40 ppm of the metal .  The 
samples in an American study (64) were much lower,  although 
they were r e l a t i v e l y  high in comparison with many other  
foods tested.
In some cases, processing of foods appears to inf luence  
the degree of cadmium accumulation. The r e f in ing  of grains  
leads to a decrease in d ie ta r y  intake of  phy s io lo gica l ly  
a v a i l a b le  z inc ,  and hence to a possible increase in 
absorption of p o t e n t i a l l y  harmful cadmium. Processing 
(po l ish ing)  r i c e  and f ra c t io n a t in g  wheat into f l o u r  does
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TABLE 1
Selected Cadmium Concentrations in Food, S o i l ,  
Vegetat ion and Certa in Commercial Products
Materi  al Concentrat ion (ppm)
Beverages and Dairy Products
Coffee,  ground 0.320
Cof fee,  ins tan t  0.006
Tea, infusion 0.010
Tea, Japanese, green leaves 2.500
M i lk ,  homogenized 0.140
Bourbon whiskey 0.100
F r u i t s ,  Vegetables,  Roots





Beef l i v e r  0.280
Beef kidney 12.000
Seafood
Oyster,  f rozen 3.140
Oyster,  f resh 3.660
Anchovies, canned 5.390
Tuna, canned 0.200
Cereals,  Grains,  Products
Wheat, whole 0.250
Bread, whole wheat 0.150
Bread, white 0.220
Rice, brown 0.040
R1ce, pol i  shed 0.060
Soi 1
S o i l ,  under maples, wi ld fo re s t  1.200
S o i l ,  f e r t i l i z e d  ( V i rg in  Islands
A g r icu l tu r a l  S ta t io n)  0.800
S o i l ,  u n f e r t i l i z e d  (V i rg in  Islands
A gr i cu l tu ra l  S ta t ion)  0.150
F e r t i 1i zers
Superphosphate f e r t i l i z e r ,  U.S. 8.970
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not change the cadmium content .  However, grain f ra c t io n a t io n  
removes germ and bran,  where most of the zinc is stored.
This e l iminates zinc whi le leaving cadmium, which is bound 
to protein in endosperm (64 ) .  S i m i l a r l y ,  Japanese inves t igators  
have discovered that  the cadmium content of polished r i c e  
was as much as four times more than that  of unpolished 
r i c e  (30) .
These analyses demonstrate the degree of cadmium 
d i s t r i b u t i o n  that  can e x is t  in some foods. The average 
cadmium levels in U.S. market foods is i l l u s t r a t e d  by 
f ind ings in the December 1970 market-basket survey of 
r e a d y - to -ea t  foods analyzed by the U.S. Food and Drug 
Administrat ion ( 8 ) .  Composite samples of da i ry  products,  
meat, f i s h ,  g r a in ,  potatoes,  vegetables,  f r u i t s  and other  
foods from f i v e  U.S. c i t i e s  had cadmium lev ies that  averaged 
from less than detectable  amounts to 0.08 ppm. Averages 
can be misleading,  since d ie ta r y  habits vary widely among 
ind iv idua ls  and d i f f e r e n t  sections of the country.
S h e l l f i s h  and c u t t l e f i s h  have been reported to contain  
above 0.05 ppm of cadmium (68,  62, 26) .  Among s h e l l f i s h ,  
oysters have been found with high cadmium and zinc content ,  
and leve ls  of  3 to 4 ppm of cadmium have been reported  
( 56 ) .  Along the A t l a n t i c  and Gulf  Coast areas,  oysters 
from the same sampling locat ion have been reported to 




Zinc in crystal  rocks ranks in abundance well  below 
i ro n ,  t i tan ium and manganese with a concentrat ion of  65 
ppm (82 ) .  The average amount in so i ls  is 50 ppm, with  
ranges of 10-300 ppm, and much of the zinc in so i l  is f i r m l y  
bound. Exchangeable zinc in several  areas averaged 5-23 
ppm, with ranges of 0 .1 -26  ppm. The weight r a t io  of  
cadmium to zinc ranged from 1:12 ,0 00 -1 :180 ,  with  
concentrat ions of cadmium genera l ly  approximating 0.2  
ppm in fo re s t  soi ls  and 0.05 ppm in other so i ls  (82 ) .
In sea water ,  zinc with 9-21 ppb ranks a f t e r  boron,  
f l u o r i n e ,  rubidium, iodine and molybdenum of the t race  
elements, with twice the concentrat ion of copper ( 34 ) .  
Cadmium in sea water has been reported at  0 .032-0 .075  
ppb (34 ) .  Zinc was seldom found and cadmium not found 
in municipal water supplies analyzed by spectrographic  
methods (16 ) .
Zinc was re gu la r ly  present in r i v e r  water in the 
United States in concentrat ions of  10-200 ppb, with larger  
amounts in ac id ic  than a l k a l in e  waters (16 ) .
Tabor and Warren (71) found zinc in over h a l f  of  
a i r  samples from 22 American c i t i e s  at  concentrat ions  
of 0 .3 -49  yg/cu meter,  the largest  amount from in d u s t r i a l  
areas.  Assuming that  75 percent of inhaled zinc is re ta ined  
in the lung or swallowed, and a t  a d a i l y  resp i ra to ry  
volume of 20 cu meter,  the human intake by this route would
19
amount to 15-120 yg/day.  The range of cadmium in a i r  was 
0 .0 -0 .1  ug/cu meter,  genera l l y  fol lowing th a t  of  zinc 
( 5 ) ;  a t  0.02 yg/cu meter under the same condit ions re ten t ion  
would amount to 0.3 yg/day.  As there is approximately  
0.7 mg of cadmium in the lung (73) and as the concentrat ion  
doubles in middle age and then decl ines (7 2 ) ,  a i r -borne  
cadmium could account fo r  pulmonary l e v e ls .
A l l  marine organisms contain zinc (8 1 ) .  Oysters 
e s p ec ia l ly  accumulate zinc and cadmium, binding them in 
organic complexes, sometimes a t ta in in g  concentrat ions  
of 4,400 ppm and 3.6 ppm r e s p e c t i v e l y . In f i sh  there  
is more zinc than copper, and sometimes 5 to 10 times 
more than i ron .  Cadmium was found in algae ( 0 . 1 6 - 1 . 0  
ppm dry weight)  and concentrated in the l i v e r s  of mollusks 
(10-500 ppm ash).
The average zinc leve ls  in growing-area samples of  
quahaugs and clams were comparable (21 and 17 ppm r e s p e c t i v e l y ) ,  
but leve ls  in oysters averaged almost two orders of  magnitude 
higher (1,428 ppm). Wide va r ia t io ns  in zinc content  
and high values have been demonstrated fo r  the oyster by 
a number of  inves t ig ators  (12,  6,  36, 18 ) .  Although i t  
is genera l l y  recognized that  the t issue  leve ls  of a t race  
metal are a r e f l e c t i o n  of  the quant i ty  of the metal in 
the environmental water ,  the much higher level  in the oyster  
suggests a possible species d i f fe ren c e  in uptake mechanisms, 
and/or in the ro le  of  zinc p h y s i o l o g i c a l l y . For example,
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zinc serves as an enzyme a c t i v a to r  and as a const i tuent  
of  important m eta l lo -p ro te in  enzymes such as carbonic 
anhydrase (29,  80 ) .  The enzyme undoubtedly plays an important  
r o l e  in she l l  deposit ion,  as Wilbur and Jodrey (83)  
demonstrated that  carbonic anhydrase i n h ib i to r s  markedly 
reduced the ra te  of calcium deposit ion in the shel l  of 
oys te rs .
Analysis fo r  zinc content of  i n s t i t u t i o n a l  d iets  
from 10 U.S. c i t i e s  showed 415 to 965 ppm in ash (7 5 ) ,  
whereas the normal d i e t  of  two ind iv idua ls  showed 11 to 
18 mg of zinc per day. A two-day d i e t  of one hospital  and 
a one-day sample of an i n s t i t u t i o n a l  d i e t  showed intakes  
of 8 .5  and 15.2 mg of zinc per day respec t ive ly  (74) .
Zinc was one of the metals most f requent ly  found in 
excess of f i v e  pounds or more per day in 42 waste discharges 
along the lower Mississippi  River.  The greatest  amount,
1,317 pounds, was found in the waste samples of  the kaiser  
Aluminum & Chemical Corporation plant  in Baton Rouge, 
Louisiana,  between August 31 and September 1, 1971 (24) .
Toxicology of Cadmium and Zinc
Cadmium
Human exposure to concentrat ions of cadmium in the 
atmosphere has occurred for  over 140 years.  However, no 
systematic study of the toxic e f fe ct s  of such exposure 
has yet  been made. Nevertheless,  studies conducted during 
the l a s t  ten years have indicated that  there is no system
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or funct ion of the human organism that  has not been subjected 
to and damaged (exper imental ly  or otherwise)  by an e f f e c t i v e  
concentrat ion of environmental cadmium ( 1 ) .
Research performed to date suggests a possible  
re la t io n s h ip  between cadmium exposure and l i f e  shortening 
hypertension,  or above normal a r t e r i a l  blood pressure.  
Experimental work and autopsy analyses in the ear ly  1960s 
f i r s t  raised the p o s s i b i l i t y ,  but the most suggestive 
evidence l ink ing  cadmium po l lu t ion  and hypertension on 
a broad scale in the United States was presented f i v e  
years ago by Dr. Robert E. Carrol l  of  the United States 
Public Health Service.  His work showed a marked c o r r e la t io n  
between mean levels of  cadmium in c i t y  a i r  and death 
rates from hypertension and a r t e r i o s c l e r o t i c  heart  disease 
in 28 c i t i e s  ( 5 ) .  The basic evidence fo r  the theory that  
cadmium is a fac tor  in hypertension was supplied by e a r l i e r  
pioneer work by Schroeder et a l .  (67,  65, 60) in which 
autopsies of  358 persons from the United States and abroad 
revealed that  leve ls  of  cadmium to zinc were markedly 
higher in the kidneys of persons dying from other causes 
including malignancy, chronic i n f e c t i o n ,  alcohol ism, l i v e r  
disease,  and diabetes (67 ) .  Furthermore, incomplete 
but suggestive data pointed to a re la t ion s h ip  between 
elevated cadmium concentrat ions in the kidney and incidence 
of hypertension according to geographic area.
Although the potent ia l  th rea t  from environmental  
exposure to pers is ten t  leve ls  of cadmium appears to be
l i f e  shortening hypertension,  many other diseases are 
associated with prolonged exposure to the metal industry.
i
Liver  damage has been caused by chronic exposure to cadmium 
( 44 ) .  Swedish workers exposed to cadmium dust had lower 
!than normal hemoglobin values and a reduced number of red 
blood c e l l s .  Japanese metal workers who had cast  cadmium
i
al loys  developed anemia a f t e r  working in a i r  having a 
cadmium concentrat ion of only s l i g h t l y  above the maximum 
al lowable level  of  0.1 mg/cu meter.  A disease e s s e n t ia l l y  
l i k e  pulmonary emphysema developed in employees of a bat tery  
fac tory  in Sweden a f t e r  long-term exposure to cadmium 
(44 ) .
Long-term exposure to cadmium contaminated food and 
water has been declared by health a u th o r i t i e s  to be the 
cause of a t r a g i c a l l y  cr ipp l i n g  bone disease in Japanese 
people in a small community in northern Japan, s i tuated  
on a r i v e r  heavi ly  pol luted by mining wastes. The malady 
has come to be known as I t a i - I t a i  ( I t  hurts!  I t  hur ts ! )  
disease,  because of the screams of the pat ients as t h e i r  
bones d is in te g r a te  inside them, even under s l i g h t  pressure.  
The mani festat ion is the d e c a l c i f i c a t i o n  that  weakens the 
bones, and sc ien t is ts  have concluded that  cadmium po l lu t ion  
was at  least  a major con tr ibutor  to this sickness (4 9 ) .
Some a t te n t io n  has been given to the p o s s i b i l i t y  
that  cadmium in the environmental a i r  might be re la ted  
to cardiovascular  disease (50 ) .  Although some s t a t i s t i c a l
corr e la t ions  seem to e x i s t ,  Carro l l  (5)  states recent ly  
that  f u r t h e r  studies have not shown the c o r r e la t io n  to 
be nearly as strong as in the o r ig in a l  repor t .  Carrol l  
(5)  also considers the re la t io n s h ip  between the inhaled  
cadmium from the environment and a to ta l  intake of cadmium.
He points out tha t  the average d ie ta r y  intake of cadmium 
in the United States is probably in the order of 100 
to 200 yg/day.  The concentrat ion of suspended cadmium 
in urban a i r  has a wide v a r ia t i o n  but probably averages 
only 0.05 yg/cu meter.  Assuming an a i r  intake of 15 cu 
meter /day,  dosage by in ha la t ion  would only amount to 
0.75 yg/day or less than 1 percent of the d ie ta ry  intake .
He suggests t h a t ,  since recent measurements of cadmium 
in d u s t f a l l  in urban areas indicated that  over 2 grams 
of cadmium might be deposited on an acre per year ,  some 
a t te n t io n  should be paid to deposit ion of cadmium from 
the atmosphere as a possible i n d i r e c t  source of increasing  
the d ie ta r y  intake.
In considerat ion of the wel l  known ef fe cts  of cadmium 
in the t e s t i s  of  experimental  animals,  a number of invest igat ions  
have been made as to the e f f e c t  of  cadmium on the course 
of pregnancy and on f e r t i l i t y .  Parizek (50,  51) in jected  
cadmium sa l ts  subcutaneously in pregnant rats between 
the 17th and 21st day of gesta t ion .  The dose used was 
0.04 ml mole/kg body weight.  This caused very rapid  
destruct ion  of the f e t a l  placenta with only very s l i g h t  
ef fec ts  on the maternal placenta.
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Several studies have been made to evaluate the carcinogenic  
e f f e c t  of cadmium. Gunn e t  a l . (20,  19) have produced 
sarcomas in rats by subcutaneous, subper iostea l ,  and 
intramuscular in je c t io n s .  No tumors were formed in 
ectodermal,  endodermal , or e p i the la l  mesodermal s i t e s .
In contrast  to these r e s u l t s ,  a number of studies reviewed 
by Shubik and Harwell disclosed very l i t t l e  evidence 
that  cadmium was carcinogenic (69 ) .
Whether cadmium plays any ro le  in human carcinogenesis  
is very doubtful  at  th is  t ime.  Potts (52) noted the cause 
of death in e ight  men out of a group of 74 who had had 
more than ten years'  exposure to cadmium. Three had 
carcinoma of the prostate ,  one carcinoma of the bronchus,  
and one carcinomatosis.  However, other authors studying 
the epidemiology of cadmium in occupational diseases 
do not appear to have been impressed with any unusual 
incidence of cancer,  in sp i te  of the obvious chronic e f fe c ts  
of cadmium exposure on the lung and on the kidney. Butt  
(3)  reported a study of cancerous t issues for  a content  
of 13 trace metals and found that  the average cadmium 
content was higher than those in control  t issues.  However, 
as pointed out by Morgan (38 ) ,  malignant t issues do appear 
to have very e r r a t i c  d is t r ib u t io n s  of metals in general  
so that  the s ign i f icance of th is  is not known in regard 
to the malignant process.
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Zi nc
Zinc has no known adverse physiological  e f fects  
on man except in high concentrat ions.  However, zinc is 
tox ic  to f i s h  and s h e l l f i s h ,  a c h a r a c t e r i s t i c  in t e n s i f i e d  
by synergism with cadmium. Zinc used in galvanized pai ls  
and other containers amounts to 1.0% or more of cadmium (76 ) .  
Tox ic i ty  from zinc plated containers may thus prove to 
be cadmium t o x i c i t y .
Attempts to cause zinc t o x i c i t y  with pure sa l ts  in 
amounts up to 0.25% zinc in the d i e t  of laboratory animals 
have met with f a i l u r e  (77 ) .  Larger doses, enormous for  
a trace metal ,  retarded growth of  ra ts  and caused hypochromic 
anemia, probably re su l t in g  from displacement of copper 
and iron (37 ) .  Weaning pigs have to le ra ted  0.1% zinc in 
t h e i r  d ie ts ;  chickens 0.12-0.14%.  Above these l e v e l s ,  
homeostatic mechanisms apparent ly break down, resu l t ing  
in depressed growth, high m o r t a l i t y ,  and, in r a t s ,  defect ive  
m in er a l iza t io n  of bone and a l te red  phosphatase a c t i v i t y .
The d a i l y  requirement of human beings fo r  zinc has 
not been estab l ished;  apparent ly i t  is s im i l a r  to that  
of i ron.  Ur inary losses of zinc represent only a small 
d a i ly  f r a c t i o n  of the oral  in ta ke ,  usual ly  less than 0.5  
mg per day (37 ) .  Sweat may represent a sizeable route 
of excret ion of z inc.  Prasad et  a l .  (53) found that  about 
1.15 +_ 0.3 mg of  zinc was lost  in one l i t e r  of sweat,  
most of i t  being in the c e l l - f r e e  por t ion.  Approximately
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the same amount of  iron was lost  by this route ,  most of  
i t  in the c e l l u l a r  por t ion.  In hot cl imates where sweating 
may amount to 2 to 11 l i t e r s  per day, 2.3 to 12.7 mg of  
zinc could be excreted.
Chronic zinc def ic iency  on a d ie ta r y  basis has been 
reported by Prasad and his colleagues in male I ranian  and 
Egyptian dwarfism, hypogonadism and geophagia (53,  55) .
The syndrome resembled experimental  zinc def ic iency in 
animals,  and was associated with depressed levels of 
zinc in plasma, red blood c e l l s ,  hai r  and sweat (54,  55) .
The s ign i f icanc e of the c l i n i c a l  f indings has been questioned 
( 7 ) .
Zinc and i t s  compounds taken by mouth are r e l a t i v e l y  
non- tox ic ,  although the soluble sa l ts in large doses may 
cause vomiting and d iar r hea .  In animals,  the mani festat ion  
t o x i c i t y  cur ious ly resembles those of zinc def ic iency  
and c e r ta in  observations have focused a t te n t ion  on i t s  
dis turb ing metabol ic e f f e c t s .  I n d u s t r i a l l y ,  inha la t ion  
of zinc oxide fumes gives r i s e  to "metal fume fever"  
and there has been a repor t  of "pneumoconiosis" in a worker 
exposed to zinc s tearate  powder ( 2 ) .
I t  has been reported that  malignant tumors contain  
high concentrat ions of zinc (14) and that  l i v e r  t issue ,  
when invaded by metastases, shows an increased zinc content  
of the uninvolved areas,  but low amounts of zinc in the 
tumor i t s e l f  ( 4 8 ) ,  and that  s im i l a r  changes of the metal  
pat tern are seen in many v a r i e t i e s  cf  the carcinogenic process.
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Zinc chlor ide fumes In heavy concentrat ion have 
been proven highly to x ic ,  even l e t h a l .  In an accident  
to smoke generators,  described by Evans (1 7 ) ,  the smoke 
consisted mainly of  f i n e l y  p a r t i c u la t e  zinc chlor ide with  
carbon and carbon dioxide;  the concentrat ion near the 
generators was estimated a t  1/6 pound per cubic yard.
A l l  the 70 persons exposed complained of dyspnoea, const r i c t io n  
of the chest with re t ro s te rn a l  and ep igast r ic  pain,  the 
major i ty  of cough with expectorat ion.  There were 10 deaths,  
one w i th in  a few minutes of the accident ,  others some days 
l a t e r  with development of patchy broncho-pneumonia (58 ) .
Zinc s tearate  powder has been held responsible fo r  
one eventua l ly  f a t a l  cause of  "chronic pneumoconiosis"
(45,  78) ,  a man employed fo r  29 years in a rubber plant  
where zinc s tearate  was used as a subst i tu te  fo r  ta lc  
to prevent adhesion. He had increasing dyspnoea on exer t ion  
with cough and much sputum. At his f i r s t  examination an 
X-ray of  the chest showed s l i g h t  thickening of the pleura,  
small nodules rad ia t ing  from the hilum and some emphysema.
He died two years l a t e r ,  having had no fu r the r  exposure; 
h is to lo g ica l  examination showed old hemorrhage, increase  
of connective t issue and chronic inflammation with g iant  
ce l l  format ion.  A tes t  for  zinc showed numerous granules 
and needles in the connective t issue .
Cadmium T o x ic i ty  and I t s  I n t e r r e l a t i o n  with Zinc
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Cadmium, a non-essent ial  t race element, is in v a r ia b ly  
re la ted  to zinc in the geosphere and biosphere,  and therefore  
a concern fo r  zinc is in t im a te ly  connected with a concern 
for  cadmium. In s o i l s ,  according to Vinogradov (82 ) ,  the 
r a t i o  of cadmium to zinc varied from 1:500 to 1:5,000  
by weight or 1:290 to 1:2 ,900 by mole depending on the 
l ocat ion .  In sea water ,  the molar r a t i o  is 1:168 (81 ) .
In the adul t  human kidney, the molar abundance of cadmium 
can approach or exceed t h r e e - f i f t h s  that  of z inc,  varying 
widely from ind iv idua l  to ind iv idua l  and from one geographic 
area to another (23) ;  the kidneys of in fants  have contained 
l i t t l e  or no detectable  cadmium (6 8 ) .  High renal ra t ios  
of cadmium to zinc have been associated with deaths from 
a r t e r i a l  hypertension (67 ) .  Furthermore, hypertension 
developed in rats fed for  t h e i r  l i f e t im e s  (65) or in jected  
with small doses of cadmium ( 8 ) .  Toxemia of  pregnancy 
was produced by in j e c t i o n  of  z inc .  A d i r e c t  r e l a t i o n  between 
molar ra t ios  of cadmium to zinc in the r a t  kidney and 
levels of blood pressure has been demonstrated (64 ) ;  apparent ly  
when the number of  atoms of cadmium exceeded 35% of  the zinc 
atoms, the animal was apt  to be hypertensive.  In je c t ion  
of a zinc che la te ,  disodium zinc CDTA, into cadmium- 
hypertensive ra ts resul ted  in lowering both the r a t i o  
and the blood pressure ( 5 ) .
Cadmium in human kidneys is bound by a prote in ,  
meta l lo th ionein ,  which also contains zinc and apparently
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competes with zinc on the same binding s i t e s ,  presumably 
t h io l  groups (64 ) .  In small mammals, cadmium w i l l  displace  
z inc ,  but zinc w i l l  not displace cadmium, suggesting that  
cadmium 1s more f i r m l y  bound ( 6 ) .  This suggestion would 
then lead us to be l ieve ,  that  i f  zinc and cadmium are 
competing fo r  binding s i te s  of  given proteins wi th in  the 
body, the a v a i l a b i l i t y  of the z inc ,  or ,  more proper ly,  
the u t i l i z a t i o n  of the z inc ,  w i l l  depend on the a v a i l a b i l i t y  
of these s i tes  and the degree of competi t ion which is 
exerted by the competing ions.
Addit ion of  cadmium to the d ie t  of poul try and bul l  
calves produced a general ized zinc def ic iency  (7 5 ) .
Studies on r a t s ,  mice and pigs showed that  cadmium feeding  
does not consis tent ly  reduce the cadmium concentrat ions  
in the t issues nor does zinc feeding consis tent ly  reduce 
the cadmium concentrat ions even though, each element can 
decrease the t o x i c i t y  e f fe ct s  of the other (74,  75, 19) .
Schroeder e t  a l .  (65)  has associated a high cadmium 
to zinc r a t io s  in the kidneys of  ra ts  and man with a r t e r i a l  
hypertension.
According to Shudik and Hartwel l  (69) a mutual antagonism 
between cadmium and zinc appears to ex is t  and high levels  
of  zinc seem to reduce the t o x i c i t y  of cadmium.
Mechanism of Cadmium and Zinc T o x ic i ty
The absorpt ion and excret ion of cadmium in man is 
not known, but may be estimated from rough balances.
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At a d a l l y  intake of 200 pg and a ur inary excret ion of  
40 pg per day of  cadmium, 2025 would appear in ur ine ,
0.9 to -1.8% would be retained and the remainder lost  
in feces.  The turnover of  cadmium in spec i f ic  t issues  
is not known. In the mouse, Cotzias and his colleagues 
(10,  9) found almost no excret ion in response to challenges 
with both cadmium and z inc ,  and in the r a b b i t ,  a l im i ted  
exchange with zinc ( 9 ) .  These invest igators  demonstrated 
homeostatic mechanisms fo r  zinc but none fo r  cadmium.
Renal cadmium 1s f i r m l y  chelated to m eta l lo th ionein ,  
a z inc-  and cadmium-containing protein in the cortex (2 8 ) .  
Cadmium can displace zinc in this pro te in .
No informat ion is av a i l ab le  on the i n t e s t i n a l  absorption  
of  the various forms of cadmium found in the d i e t .  The 
r e l a t i v e  amounts taken into the body as ionic cadmium 
in water ,  cadmium bound to protein in seafoods and gra ins,  
or cadmium contained in beverages, requi re fu r the r  study (28) .
Pathways fo r  zinc are reasonably well  known (80) .
In the mouse, zinc metabolism is control led by two homeostatic 
mechanisms, a t  absorpt ive and excretory s i tes  ( 9 ) .  Both 
si tes  were found in the g a s t r o in tes t in a l  t r a c t ,  l i v e r  and 
pancreas. Cadmium in the d i e t  decreased s l i g h t l y  the 
excret ion of zinc ( 9 ) .  Prasad and his co-workers (55)  
demonstrated in man 5 phases to the disappearance curve 
of in jected  radiozinc from plasma. The l a s t  phase probably 
represented exchange with zinc in bone and c a r t i l a g e .
MATERIALS AND METHODS
I t  Is necessary to expla in  some of the environmental  
inf luences on r i v e r  water before describing the methods 
used to c o l l e c t  water and s h e l l f i s h  samples for  analyses.
The estuar ine regions of the r i v e r s  in the United 
States are perhaps both the most heav i ly  u t i l i z e d  and 
the most ec o lo gica l ly  sensi t ive  areas of  the e n t i re  
aquatic system. The present ecological  study of the 
Lower Miss issippi  River has divulged the many sampling 
and a n a ly t ic a l  problems encountered in such a complex 
system.
The l a s t  100 miles of  the Miss issippi  River,  which 
is considered in th is  study, represent only f i v e  percent  
of the to ta l  length of the r i v e r .  I t  is th is  f i n a l  st retch  
of the r i v e r  that  receives drainage from over 1.25 
m i l l io n  square mi les ,  th i r t y - o n e  states and part  of  
Canada, and thus sediments, p o l lu ta n ts ,  and discharge 
from almost two- thi rds of the nat ion.  The flow from 
the Mississippi  River represents nearly three - four ths  
of  the fresh water received in the Gulf  of  Mexico.
The r i v e r  area under considerat ion has a natural  
width that  var ies from 1 ,500-5 ,000  f e e t ,  with depths 
ranging from 30-100 f e e t .  The U.S. Corps of Engineers 
maintains a 40 - foo t  channel from Baton Rouge to the
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Gul f .  The f low of  the r i v e r  var ies considerably, and 
data obtained from the Corps of  Engineers (79) shows 
a maximum f low of 1 ,977,000 cfs in 1937 and a minimum 
of 85,000 cfs in lo39.  Since 1962, the minimum flow 
recorded was 119,000 c f s ,  which occurred in 1962 and 
1963.
During the 1968-70 period the lowest d a i l y  mean 
v e lo c i t y  was 2.47 fee t  per second (1.68 miles per hour) ,  
a t  a f low ra te  of 253,000 c f s ,  and a maximum v e lo c i ty  
of 9 .5 f e e t  per second (6 .48 miles per hour) at  a f low 
ra te  of  1 ,064 ,000 c fs .  At the minimum flow ra te ,  642,600 
pounds per day of  any one mater ia l  is required to ra ise  
the concentrat ion in the r i v e r  by one part  per m i l l i o n .
The suspended sediment carr ied  by the r i v e r  averaged 
757,000 tons per day fo r  the 1950-1964 period.  The 
y e ar ly  f low versus sediment is shown in Table 2a (Appendix).  
Since the sediment load that  a stream carr ies  is proport ional  
to i t s  f low,  Table 3a (Appendix) out l ines  the sediment 
concentrat ion at  various f low rates and locat ions on 
the r i v e r .
The l a s t  265 miles of  the Mississippi  River have 
become one of the major in d u s t r i a l  locat ions in the 
United States.  Figure 1 (page 8) shows the approximate 
locat ion  of the eighteen major p lants.  I t  is estimated 
tha t  a t  l ea s t  $10 b i l l i o n  of  ca p i ta l  money has been invested 
in manufacturing plants in th is  area,  with 20 to 30 
percent of th is  t o t a l  having been invested in the la s t
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10 years.  Many of these plants are complexes tha t  
manufacture several  d i f f e r e n t  products in the same 
loca t ion .  Some general manufacturing f a c i l i t i e s  in this  
area are:
Six petroleum r e f in e r i e s  processing over one 
m i l l i o n  barrels of  crude o i l  per day
Seven ch lo r ine -c aus t ic  plants (two being expanded 
and another under construct ion)  producing about 
20 percent of the U.S. capacity
Ten f e r t i l i z e r  plants producing ammonia, urea,  
phosphoric ac id,  and mixed f e r t i l i z e r s
Two paper m i l l s
T h i r t y  plants that  contain some type of  
petrochemical process
Seven e l e c t r i c a l  u t i l i t i e s
Two sugar m i l l s
Two breweries
One synthet ic soda ash plant  
One shipyard
Many of these industr ies  are si tuated  on large  
acreages and have considerable room for  expansion.
Industry has located in th is  area of  the Mississippi  
River because i t  provides an abundance of f resh water 
fo r  ind us t r ia l  uses, and provides economical t ranspor ta t ion  
by boat or barge to many inland United States ports 
and to the major importing countr ies of the world.
The lower Mississippi  River in many ways represents 
one of the most complicated water systems in the United 
States.  The knowledge of i t  is l im i t e d .  Certain elements
or compounds can be q ua n t i f ie d ,  but t h e i r  exact form 
in the environment is unknown. The form of  the compound 
can change as i t  t raverses the length of  the r i v e r .
Mater ia ls  or compounds that  are present In a discharge 
can be a l te red  or changed in a few mi les .  The large  
f low and i t s  rapid changes coupled with the v a r ie ty  and 
quant i ty  of the suspended sediment make i t  d i f f i c u l t  
to obtain a representat ive sample of any port ion of the 
r i v e r .  The q u a l i t y  of water in the main channel d i f f e r s  
from that  along e i th e r  bank. Bends in the r i v e r  cause 
deposit ion of suspended s o l id s ,  thereby changing both 
the quant i ty  and q u a l i t y  of  th is  m a te r ia l .  The environment  
1n the r i v e r  and the mater ia l  i t  conveys, whether soluble  
or insoluble ,  is dynamic. Charac ter is t ics  change d a i l y ,  
making the sampling procedures very d i f f i c u l t .
Preservat ion of e i th e r  domestic sewage, ind us t r ia l  
waste or natural  r i v e r  water samples poses numerous problems. 
Regardless of the nature of the sample, complete s t a b i l i t y  
of every const i tuent  cannot be achieved.  At best,  
preservat ion techniques can only re tard  chemical ,  phys ica l ,  
and biochemical changes that  in e v i ta b ly  continue a f t e r  
the sample is removed from the parent source.
The changes tha t  take place in a sample are e i t h e r  
chemical,  physical  or b io l o g ic a l .  Certain changes occur 
in the chemical s tructure  of the const i tuents tha t  are 
a funct ion of physical condi t ions.  Metal cat ions may 
p r e c i p i t a t e  as hydroxides or form complexes with other
const i tuents ;  cat ions or anions may change valency s ta te  
under c e r ta in  reducing or ox idiz ing  condi t ions;  other  
const i tuents may dissolve or v o l a t i l i z e  with the elapse 
of t ime.  Metal cat ions such as iron and lead may be 
absorbed onto surfaces of g lass,  p l a s t i c ,  or other  
m ater ia ls .  Biological  changes taking place in a sample 
may a l t e r  the condit ions of  an element or a radica l  to 
a d i f f e r e n t  s t a t e .  Soluble const i tuents may be converted 
to o rg an ica l ly  bound m a t e r ia l ,  and c e l l  s tructure or 
c e l l  lys is  may r e s u l t  in the release of C e l l u la r  mater ia ls  
into  so lut ions .
Nu t r i en ts ,  heavy metals,  and pest icides have in 
common the potent ia l  problems of  ecosystem cyc l ing ,  
bio log ica l  magni f ica t ion ,  low concentrat ions,  non-uniform 
d i s t r i b u t i o n s ,  sporadic inputs,  and the lack of universal  
and/or sp e c i f ic  sensors. Separation and analysis for  
may of  these mater ia ls  becomes complicated,  d i f f i c u l t ,  
and highly subject  to e r r o r ,  p a r t i c u l a r l y  a t  environmental  
concentrat ions.  Therefore ,  the experiments and analyses 
in th is  inv es t ig at io n  were meticulously performed and 
the conclusions are based on the resul ts  obtained,  and 
on knowledge gained by an exhaustive review of  the 
l i t e r a t u r e .
Sample Col lec t ion  and Preparation
For a period of six months, beginning from October 
f i r s t  week 1973 through March fourth week 1974, a t
36
two-week I n t e r v a l s ,  a t o ta l  of  312 samples consist ing  
of 72 samples each of r i v e r  water and bottom sediments,
24 samples each of  water and bottom sediments from the 
Gulf  o f  Mexico, and 60 samples each of shrimp and oysters  
were co l le c ted .
Water and Sediment Samples
The r i v e r  water and bottom sediments were obtained 
from sta t ions located along the Lower Mississippi  River  
as shown in Figure 1 . Six areas on the Mississippi  
River were selected because of t h e i r  close proximity  
to numerous chemical and petrochemical industr ies .
These stat ions are the s ta r t ing  points on the r i v e r  as 
i t  flows southward into Louisiana,  and where indus t r i a l  
e f f lu e n ts  containing s i g n i f i c a n t  amounts of cadmium 
and zinc are discharged. These waste e f f l uen ts  are 
c arr ied  f u r t h e r  down the r i v e r  by the water curren t ,  
and the heavy metals accompanying the waste are d is t r ibu ted  
in various concentrat ions at  d i f f e r e n t  points.  According 
to a recent repor t  published by the Environmental 
Protect ion Agency (7 9 ) ,  some of these industr ies were 
found to discharge f i v e  pounds or more per day of  cadmium 
in t h e i r  waste e f f l u e n t s .  S h e l l f i s h  cu l t iv a te d  and 
harvested In the nearby estuaries of  these six stat ions  
could cause cadmium and zinc t o x i c i t y  to consumers. 
Therefore,  these areas were selected fo r  the present  
study.
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The water and bottom sediment samples of  the 
Gulf of Mexico were obtained from Baratar ia  Bay and 
Galveston Bay.
Baratar ia  Bay was chosen because i t  is a locat ion  
which is subject to inf luences of  waters from both the 
Mississippi  River and the Gulf  of  Mexico. Water and 
sediment samples co l lected in th is  area should r e f l e c t  
the cumulative cadmium and zinc leve ls  from the e f f l u en ts  
discharged by a l l  the industr ies surrounding the preceding 
six stat ions (F ig .  2 ) .
Galveston Bay was selected as another area on 
the Gulf  of Mexico because i t  does not receive the .
Lower Mississippi  River water.  Besides, a high 
percentage of  Gulf  s h e l l f i s h  is produced from these 
two bays.
Al l  water and sediment samples used in this  
i nv es t ig at io n  were co l lected  and stored in polyethylene  
containers ,  as glass or m e t a l l i c  ones could absorb 
metal ions.  Pr ior  to use, the polyethylene containers  
were cleaned by soaking in a 2% HNÔ  so lut ion  for  two 
hours, fol lowed by mu l t ip le  rinses of  m e ta l - f re e  water.
The water samples were co l lected  near the shore l i n e  
in the same general v i c i n i t y ,  and the sediment mixed 
samples were obtained a t  the same depth (a minimum of  
2 f e e t  a t  low t i d e )  from the ground level  and brought  
to the surface by hand as grab samples. S t a b i l i z a t i o n
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Figure 2. Location Map of Water and Sediment Samples
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of the sediment was accomplished by adding 3.0 ml of  
8 N n i t r i c  acid to each 100 g of sample, a f t e r  which 
they were kept under r e f r i g e r a t i o n  u n t i l  analyzed.
A l l  samples were labeled with t h e i r  source, date and 
time a t  which they were obtained immediately a f t e r  
c o l le c t io n  (F ig .  3 ) .
Sample Handling and Preservat ion . - -For  determinat ion  
of t race metals such as cadmium and zinc in water and 
sediments, contamination and loss are of prime concern.
Dust in the laboratory environment, impur i t ies in reagents 
and impur i t ies  on laboratory apparatus which the sample 
contacts are a l l  sources of  potent ia l  contamination.
For water and sediment samples, containers can introduce  
e i th e r  pos i t ive  or negat ive errors in the measurement 
of cadmium and zinc by contr ibut ing  contaminants through 
leaching or surface desorption and by deplet ing concentrat ions  
through absorpt ion.  Thus the c o l le c t io n  and treatment  
of the sample pr ior  to analysis required p a r t i c u l a r  
a t t e n t i o n .  The sample bot t l es  were thoroughly washed 
with detergent  and tap water ,  and rinsed in order with 
chromic ac id ,  tap water ,  1:1 n i t r i c  ac id ,  tap water  
and f i n a l l y  d i s t i l l e d  water.
S h e l l f i s h  Samples
S h e l l f i s h  fo r  th is  study were oysters ( Crassostrea 
species) and shrimp ( Penaeus species) .
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Figure 3. Ind u s t r i a l  Location on the Lower Mississippi  River
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Oyster samples were co l lected  by hand from oyster  
beds in Baratar la  Bay, Louisiana,  and from Galveston 
Bay, Texas. Approximately 100 oysters ( in  sh e l l )  were 
col lec ted  a t  each sampling, packed in j u t e  bags and 
kept on ice u n t i l  a r r i v a l  to the Department of Food 
Science a t  Louisiana State Un ive rs i ty ,  where they were 
shucked as soon as possible,  weighed in polyethylene  
bags, f rozen a t  -10°C,  and kept frozen u n t i l  preparat ion  
for  ana lys is .
Oyster samples from commercial out le ts  were 
purchased in glass j a r s  from local  markets in New Orleans 
and in Baton Rouge, Louisiana,  and from Galveston,
Texas.
Shrimp samples were co l lected  with an o t te r  t r a w l ,  
from Baratar ia  Bay, Louisiana,  and from Galveston Bay, 
Texas. Approximately 200 g were co l lec ted  each t ime,  
packed and transported in polyethylene containers and 
kept under r e f r i g e r a t i o n  u n t i l  they were del ivered to 
the Department of  Food Science at  Louisiana State  
Un iv e rs i t y ,  where they were peeled and deveined by 
hand, whi le  avoiding metal contamination,  weighed in 
polyethylene bags, frozen a t  -10°C and kept frozen  
u n t i l  ready fo r  ana lys is .
Shrimp samples were purchased from local  markets 
in New Orleans and Baton Rouge, Louisiana,  and Galveston,  
Texas.
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Analyses fo r  cadmium and zinc were performed on 
f re sh ly  shucked, unwashed oysters,  and on shrimp which 
were headed, peeled and develned,  and on a l l  water and 
sediment samples previously described. Water samples 
were also analyzed fo r  pH and s a l i n i t y ,  and the temperature  
was recorded a t  the time of c o l l e c t i o n .
Analy t ica l  Procedures
Cadmium and Zinc Determination
Atomic absorption has become a widely accepted 
technique fo r  determining low or t race concentrat ions  
of metals in so lu t ion .  The method is based on the 
a b i l i t y  o f  each element to s e le c t iv e ly  absorb r a d ia t io n  
of a c h a r a c t e r i s t i c  wave-length that  i t  would normally  
emit 1f exc i ted .
In operat ion,  a hollow cathode l i g h t  beam is 
passed through a f lame.  Samples are aspirated in to  the  
f lame,  where molecules are dissociated In to  atomic form.  
While in the f lame,  most atoms remain 1n the "ground" 
or neutral  s t a t e ,  and therefore  are capable o f  absorbing 
the hollow cathode l i g h t .  However, because of  the 
s p e c i f i c i t y  of  the hollow cathode r a d i a t io n ,  only atoms 
of the element of  I n te r e s t  absorb. For example, I f  a 
hollow cathode l i g h t  beam of magnesium Is u t i l i z e d ,  
only magnesium atoms are able to absorb i t .  The amount 
of r a d ia t io n  absorbed 1s proport ional  to the concentrat ion
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of the element of In t e r e s t  1n the sample. A f te r  passing 
through the f lame,  the hollow cathode passes Into a 
spectrophotometer to be measured (F1g. 4 ) .
General descr ip t ion  of  the Instrument . - -The  
82-500 Maximum V e r s a t i l i t y  Atomic Absorption Spectrophotometer  
Is a dual purpose Instrument capable of ra p id ,  accurate  
determinat ions of  approximately 65 m e t a l l i c  elements.
The uni t  Is designed for  s im p l i c i t y  and ease of operation  
(F ig .  4 ) .  Six independently contro l led  hollow cathode 
current  channels al low the operator to warm up as many 
as six hollow cathode lamps at  one t ime. The revolving  
hollow cathode tube t u r r e t  al lows the operator to change 
lamps in seconds, increasing speed of  ana lys is .  A l l  data 
is presented on a read-out meter f i t t e d  with interchangeable  
meter scales.  A gas control  panel al lows rapid switching  
of  oxidant fuel  combinations, without shut t ing down 
the flame. The standard Tr i -Flame burner system includes  
both a t o ta l  consumption HETCO burner and a laminar  
f low head.
Operating Parameters. - -The  atomic absorption  
spectrophotometer was operated according to the inst ruct ions  
given in the manufacturer 's manual. The hollow cathode 
lamps fo r  cadmium and zinc were switched on and s u f f i c i e n t  
t ime was al lowed fo r  warm-up. During th is  per iod,  the 
instrument was a l igned,  the monochromator was posit ioned  
to the required wave length and the s l i t  width was 













Operating Conditions of the Atomic Absorption 
Spectrophotometer 
(Analy t ical  Condit ions)
Element Wavelength Fuel Oxidant3 (mm}
Cadmium 2288 A 1 C2H2 Ai r
Zi nc 2139 A 3 c2h2 Air
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TABLE 3
Operating Conditions of the Atomic Absorption  
Spectrophotometer  
(Gas Tank Pressure Regulator Set t ings)
Hecto Burner 
Oxidant Fuel
Ai r 40 psi C2H2 15 psi
°2 35 psi h2 35 psi
n2o 25 psi
Tr i -Flame Burner
Oxidant Fuel
Ai r 30 ps1 C2H2 15 psi
n2o 13 psi h2 20 psi
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recommendation, the flame was l igh ted  and the f low of  
fuel  and oxygen were regulated.  The burner was adjusted  
f o r  maximum percent absorption and s t a b i l i t y  and the 
photometer was balanced. The performance of these 
operating condit ions was tested by standard solut ions  
of  cadmium and zinc and also spiked samples.
C a l ib r a t io n  Curves. — The instrument was c a l ib ra ted  
fo r  cadmium and zinc by d i l u t i n g  standard solut ions  
to the desired concentrat ions.
The stock solut ion  for  cadmium was prepared by 
c a r e f u l l y  weighing 1.142 g of a n a ly t i c a l  reagent grade 
cadmium oxide,  and was dissolved in 5.0 ml r e d i s t i l l e d  
n i t r i c  ac id .  The so lut ion  was d i l u te d  to one l i t e r  
with d i s t i l l e d  water a f t e r  which th is  solut ion  represented 
1 mg of  cadmium per 1 ml. During d i l u t i o n ,  a concentrat ion  
of 0.15% n i t r i c  acid was maintained in a l l  of the so lut ions.
The stock solut ion  fo r  zinc was prepared by 
c a r e f u l l y  weighing 1.00 g of  a n a ly t i c a l  reagent grade 
metal and was dissolved in 10 ml n i t r i c  ac id .  When 
the solut ion  was complete,  i t  was d i lu te d  to one l i t e r  
with d i s t i l l e d  water .  This solut ion represented 1 mg 
of  zinc per 1 m l . An acid strength of  0.15% n i t r i c  
acid was maintained in a l l  c a l i b r a t i o n  standards.
The c a l i b r a t i o n  curves were obtained by asp i ra t in g  
the aqueous standard solut ions d i r e c t l y  in to  the instrument  
and p lo t t in g  absorbance versus concentrat ions (Figs.  5 
















CADMIUM -  ppm-

























0 50 100 150 200 250 ppm  Zn,somp.
0 1 2 3 4 5 ppm  Zn.soln.
Figure 6. Typical  C a l i b ra t io n  Curve fo r  Zinc
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Sample Digestion and Instrument Read-out. - - A l l  
digest ions were performed on dupl icate  samples and the  
data reported are the average of the two readings of  
each sample on the atomic absorption spectrophotometer.
Sample sp ik in g . — In order to evaluate the e f f i c i e n c y  
of recovery,  the water,  bottom sediment and s h e l l f i s h  
samples were spiked with known concentrat ions of cadmium 
and z inc .  These samples were digested s im i l a r  to the 
t e s t  samples. The percent recovery of  the heavy metals 
from the spiked samples indicated the percent e f f i c i e n c y  
of the a n a ly t ic a l  procedure.
The values obtained on the concentrat ion c a l i b r a t i o n  
curves fo r  t e s t  Samples were mu l t ip l ie d  by the appropr ia te  
e f f i c i e n c y  factors  and the data are reported as va l id  
concentrat ions.
Mater . - -A  representat ive  a l iquo t  measuring 500 
ml of  each thoroughly mixed water sample was f i r s t  concentrated 
to 100 ml by evaporation in a G r i f f i n  beaker. Three 
m i l l i l i t e r s  of  n i t r i c  acid were added, the beaker was 
placed on a hot p la te ,  and the solut ion was evaporated 
to dryness making c e r ta in  the sample did not boi l  over.
The beaker was then removed from the hot p la te ,  al lowed . 
to cool and the residue was dissolved in another 3 .0  ml 
port ion of  d i s t i l l e d  concentrated n i t r i c  ac id.  The 
beaker was covered with a watch-glass and returned  
to the hot p la te .  The temperature of the hot p la te  was
\
gradual ly Increased to bring about a gent le r e f lu x  act ion  
of the so lu t ion .  The heating was continued,  adding 
addi t iona l  acid as necessary u n t i l  the d igest ion  was 
complete, genera l ly  Indicated by a l i g h t  colored residue.
The residue was once again dissolved in s u f f i c i e n t  
1:1 hydrochloric ac id .  The beaker and watch-glass  
were washed down with d i s t i l l e d  water and the samples 
were f i l t e r e d  to remove s i l i c a t e s  and other insoluble  
mater ia ls  t h a t  could clog the atomizer .  The sample 
was then made up to 100 ml with deionized d i s t i l l e d  water,  
and aspirated d i r e c t l y  In to  the atomic absorption  
spectrophotometer.  The concentrat ions of cadmium and 
zinc were obtained by comparing the absorbance readings 
of the samples with the c a l i b r a t i o n  curve.  These values 
were m u l t ip l i e d  by the d igest ion  e f f i c i e n c y  fac to r  
to obtain the concentrat ion of the heavy metals.
Bottom Sediments. - -The procedure used f o r  bottom 
sediments fo r  the analysis of  cadmium and zinc was an 
adaptat ion of the method used Nakagawa and Harms (4 0 ) .
An a l i q u o t  of  the bottom sediment was t rans fer red  
to a G r i f f i n  beaker and dried 1n oven a t  100°C. When 
the drying was complete,  the beaker was removed from 
the oven and al lowed to cool .  Ten grams of the dried  
sample was removed from the beaker,  pulver ized and t rans fer red  
to an Erlenmeyer f l a s k  into which 50 ml of concentrated 
n i t r i c  acid was added. The f l a s k  was placed on a hot
52
p la te  and the mixture was al lowed to boi l  fo r  30 minutes.  
During b o i l in g ,  the so lut ion  was continuously mixed by 
means of a magnetic s t i r r e r .
The f l a s k  was then removed from the hot p la te ,  
and al lowed to cool fo r  a few minutes. The Inside wall  
of the f lask  was washed with 50 ml of  demineral1zed 
d i s t i l l e d  water and the e n t i r e  mixture was al lowed to 
bol l  on the hot p la te  and the solut ion  was allowed to 
cool to room temperature.  The volume of th is  solut ion  
was adjusted to 100 ml with demineral ized d i s t i l l e d  
water,  mixed thoroughly and centr i fuged.  The c lear  
supernatant ac id ic  solut ion  was d i r e c t l y  aspirated Into  
the atomic absorpt ion spectrophotometer.  The concentrat ions  
of cadmium and zinc were read on the c a l i b r a t i o n  curves.  
These values were m u l t ip l i e d  by the d igest ion e f f i c i e n c y  
f ac tors  to obtain true concentrat ions.
Shrimp and Oysters. - -The  review of  l i t e r a t u r e  
ind icated tha t  b io log ica l  mater ia ls  may be digested by 
two methods: (1)  dry ashing,  and (2)  wet ashing.
Dry ashing appears to be prefe rab le  to wet ashing 1n 
that  the l a t t e r  is time consuming and requi res large  
volumes of  acids which may contain a t race of  heavy 
metals.  However, v o l a t i l i z a t i o n  and container  re ten t io n  
of metals are some of  the sources of  losses from dry ashing.
In the present in v e s t ig a t io n ,  the concentrat ions of  
cadmium and zinc 1n shrimp and oysters were determined 
by both of  these methods.
Dry Ashing. “-The procedure was an adaptat ion of  
that  o f  Joseph et  a l .  ( 2 7 ) .  Samples of 500 g of  the 
s h e l l f i s h  were macerated In a Maring Blender.  Water 
was added as required,  then 25 g of  the s lu r r y  was weighed 
Into n i t r i c  acid washed beakers and dried for  4 hours 
at  100°C in an oven, and then overnight  a t  450°C in a 
muff le furnace.  The temperature of the furnace was 
raised slowly from 200°C to 450°C to prevent i g n i t i o n  
of the samples. The ash was dissolved in 2 ml concentrated  
n i t r i c  ac id ,  d i lu te d  with 25 ml water and heated to 
b o i l in g .  The solut ions were f i l t e r e d  through Whatman 
No. 42 papers and made up to 100 ml with d i s t i l l e d  
demineral ized water.  Approximately 2 g of the s h e l l f i s h  
s lu r r y  was heated in aluminum dishes for  determinat ion  
of dry weight (47 ) .
Wet Ashing. - -The  wet ashing of  the samples was 
performed by the method of Munns and Holland (39 ) .
A 10 g sample of  the edib le  port ion of the s h e l l f i s h  was 
heated under re f lu x  with 50 ml of  18 N s u l f u r i c  ac id ,
40 ml of  /  N n i t r i c  ac id ,  and 2 ml of  2% w/v aqueous 
sodium molybdate so lut ion .  A f te r  one hour the d igest  
was allowed to cool for  15 minutes. The water c i r c u l a t i n g  
through the r e f lu x  condenser was turned o f f  and 40 ml 
of n i t r i c  ac id -p erch lo r i c  acid (1 :1 )  were added. The 
solut ion  was then allowed to boi l  vigorously u n t i l  white  
fumes appeared in the f l a s k .  The sample was heated
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an ad d i t iona l  10 minutes and al lowed to cool fo r  15 
minutes. Ten m i l l i l i t e r s  of  water were then added and 
the d igest  heated to bo i l in g  fo r  10 minutes. The digest  
was cooled,  t rans fe r red  with water to a 100 ml volumetric  
f l a s k  and d i lu te d  to volume with d i s t i l l e d  demlneral1zed 
water.
A 10 ml a l iq u o t  of  the above digest  was adjusted 
to pH 2.5 with sodium hydroxide so lut io n .  The mixture  
was cooled and 5 ml of  1# aqueous ammonium pyrrol1d1n-  
dlthlocarbamate and 5 ml of methyl Isobutyl  ketone 
were added. The mixture was shaken and the phases allowed 
to separate,  with ce n tr i fug ing  when mecessary. Al iquots  
of  the organic phase were removed and analyzed for  cadmium 
and zinc by atomic absorption spectrophotometry.
The amount of  each metal obtained by dry ashing 
as wel l  as wet ashing was determined by reference to 
c a l i b r a t i o n  curves.  These values were m u l t ip l ie d  by 
the d igest ion  fac tors  of  the spiked samples to obtain  
concentrat ions of  the heavy metals.  The data reported  
in Tables 4a-9a (Appendix) are on a dry basis.
Sal i  ni ty
S a l i n i t y  o f  water was determined in terms of  
t o ta l  ch lor ides present .  The procedure used was a 
modi f icat ion  of the method used by Dubsky and T r t l l e k  
(15) which consisted o f  t i t r a t i n g  an a c i d i f i e d  sample 
with d i l u t e  mercuric n i t r a t e  so lut ion  using diphenyl -
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carbazene-brotnophene as a blue Ind ic a to r .  The end point  
of the t i t r a t i o n  was the formation of b l u e - v i o l e t  color  
due to the formation of a mercury diphenyl-carbazone  
complex. This method Is appl icable  to r i v e r  and sa l ine  
water (Gul f  water)  and 1s su i tab le  fo r  a l l  concentrat ion  
ranges of chlor ide  content .
Reagents used:
1. Chlor ide standard so lut ion:  1.648 g of
NaCI c r y s ta ls  was dissolved 1n 1,000 ml of  dem1neralized 
d i s t i l l e d  water to obtain 1 mg/ml concentrat ion
2. Hydrogen peroxide: 30 percent
3. Hydroqulnone so lut ion:  one gram of p ur i f i ed
hydroqulnone was dissolved 1n demineral1zed water and 
d i l u te d  to 100 ml
4. Mercuric n i t r a t e  standard solut ion ( I ) :
4.832 g of  HgOlO^^'t^O was dissolved 1n 50 ml of
demlneral ized water,  a c i d i f i e d  with 0.5 ml concentrated 
HN03 (sp. g r a v i ty  1.42)  and d i l u te d  to 1,000 ml. I t  
was f i l t e r e d ,  then standardized by t i t r a t i n g  against
25 ml of  standardized chlor ide  solut ion and d i lu ted  
to 50 ml. One ml of  mercuric n i t r a t e  solut ion was 
equivalent  to 1 mg Cl“ .
5. Mercuric n i t r a t e  standard solut ion ( I I ) :
2.416 g of  H g tN O ^ ^ '^ O  was dissolved 1n 25 ml of  
demineral ized water ,  a c i d i f i e d  with 0.25 ml concentrated 
HNÔ  (sp. g ra v i ty  1.42)  and d i lu ted  to 1,000 ml. I t
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was f i l t e r e d ,  and standardized by t i t r a t i n g  10 ml ch lor ide  
standard solut ion  d i lu ted  to 50 ml.  One m i l l i l i t e r  
of  mercuric n i t r a t e  so lut ion  was equivalent  to 0.5 mg 
C l ’ .
6. Mixed ind ica tor  so lut ion:  0 .5  g of  c r y s t a l l i n e
s-d1phenyl carbazone and 0.05 g of  bromphenol blue were 
dissolved in 75 ml of ethanol and d i lu ted  to 100 ml with  
ethanol .  The solut ion was stored in a brown b o t t l e
to keep i t  fo r  up to six months.
7. N i t r i c  acid (0 .05 M): Three m i l l i l i t e r s  
of concentrated n i t r i c  acid (sp. g rav i ty  1.42)  was 
d i l u te d  to 1 l i t e r  with demineral ized water.
8.  Sodium hydroxide solut ion (0 .05 M): Two 
grams of NaOH was dissolved 1n demineral ized water  
and d i lu te d  to 1 l i t e r .
A 50 ml volume of water sample was pipetted  
into a 125 ml erlenmeyer f l a s k .  The f l a s k  was placed 
on a magnetic s t i r r e r ,  10 drops of mixed ind ica tor  solut ion  
were added. I f  a blue,  b l u e - v i o l e t  or red color  developed,  
n i t r i c  acid (0 .05  M) was added drop by drop u n t i l  the 
color  changed to ye l low.  One m i l l i l i t e r  excess acid 
was then added. I f  a yel low or orange color  formed when 
the mixed ind ica to r  was added, sodium hydroxide (0 .0 5  M) 
solut ion  was added drop by drop u n t i l  the color  changed 
to ye l low;  then 1 ml excess n i t r i c  acid was added.
The so lut ion  was then t i t r a t e d  with mercuric 
n i t r a t e  standard solut ion  u n t i l  a blue v i o l e t  color
persisted throughout the so lut ion .  A blank correct ion  
was determined s i m i l a r l y  by t i t r a t i n g  50 ml demineral ized  
water.  Mi l l igrams of C l ” per l i t e r  was calcu la ted  by 
using the formula:
Cl in m g / l i t e r  = ml^samp!e X ^  t i t r a n t  -  ml blank)
X (mg Cl" per ml t i t r a n t )
pH Determination
The pH of a l l  the water samples was determined 
Immediately a f t e r  they ar r i ved a t  the laboratory and 
also a t  the t ime of analysis of each sample for  cadmium 
and z inc .  A Beckman pH meter was used to determine the 
pH of  the water on an u n f i l t e r e d  sample.
RESULTS AND DISCUSSION
In the Appendix are given the resul ts  of the labora­
tory analyses fo r  cadmium and zinc in water and sediments 
(Tables 1 Oa- 13a) fo r  s a l i n i t y  and pH of water (Tables 14a and 
15a) ,  and f o r  cadmium and zinc in oysters and shrimp 
(Tables 16 a - l 9 a ) .  The six sets of  data pertaining to water  
and sediments represent  twelve r e p l i c a t e  ( t ime)  co l lect io ns  
of specimens a t  e ight  locat ions ,  six along the Lower Mis­
s iss ippi  River and one each from Baratar ia Bay and Galves­
ton Bay. The four sets of data pertaining to oysters and 
shrimp represent twelve r e p l i c a t e  ( t ime) co l lec t ions  of  
these s h e l l f i s h  a t  f i v e  locat ions ,  Baratar ia Bay and Gal­
veston Bay where the specimens were f re sh ly  harvested,  and 
a t  r e t a i l  markets in Baton Rouge, New Orleans,  and Galveston 
where the specimens were purchased.
Each of the ten sets of laboratory data was sub­
jected to a standard analysis of variance which examined 
the e f fe c ts  of  time and place of  c o l le c t ion  of specimens on 
the mean values of  cadmium, z inc ,  pH, and s a l i n i t y ,  fo r  the 
appropr ia te  specimens. The resul ts  of  the analyses of  




During the six-month period,  October 1973 through 
March 1974, the cadmium content of  Mississippi  River water  
at  St .  F r a n c i s v i l l e ,  Louisiana,  was r e l a t i v e l y  constant  
with the overa l l  mean value a t  th is  locat ion  being 
1.55 ± 0.05 ppb. From St .  F r a n c is v i l l e  to Gramercy, a d i s ­
tance of about 120 mi les,  the r i v e r  flows past dozens of  
l a r ge ,  d i v e r s i f i e d  ind u s t r i a l  plants which discharge huge 
volumes of waste e f f l u e n t  into the r i v e r .  The mean cadmium 
content of r i v e r  water below St.  F r a n c is v i l l e  increased a t  
a v i r t u a l l y  constant ra te  corresponding to 1.67 ppb/100 
miles ,  u n t i l  a f t e r  90 miles the observed maximum mean 
value ,  3.06 ± 0.54 ppb, was a t ta ined a t  the Donaldsonvi11e 
st a t io n ;  t h i r t y  miles f a r t h e r  downstream at  Gramercy the 
value had decreased to 2.91 ± 0.50 ppb which was not s i g ­
n i f i c a n t l y  d i f f e r e n t  from the maximum value.  These f i n d ­
ings are shown graph ic a l ly  in Figure 7,  and along with  
other pe r t inen t  date fo r  a l l  e ight  locat ions are presented 
in Table 4. The r i v e r  values contrast  sharply (p < 0 .01)  
with the mean value,  0.87 ± 0.40 ppb, for  Baratar ia  Bay 
whose eastern boundary l i e s  5 to 10 miles west of  the 
r i v e r .  At Galveston Bay, Texas, which is about 350 miles  
west of Baratar ia  Bay and presumably is inf luenced l i t t l e ,  
i f  a t  a l l ,  by cadmium in the Mississippi  River,  the mean 
value was 0.81 ± 0.32 ppb which was not s i g n i f i c a n t l y  d i f ­
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Figure 7.  Mean Values ± S.D. fo r  Cadmium in Water a t  Six 
Lower Miss issippi  River Locations
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TABLE 4
Cadmium i n  Mater (ppb)
Part  I . Individual  Locations
Location RiverMi le Mean S.D. Min. Max.
Corrected 
Sum of Squares
1 265 1.55 0.05 1 .49 1 .62 0.02629
2 255 1.67 0.20 1.47 1.98 0.42189
3 230 2.16 0.48 1.60 2.61 2.55910
4 200 2.48 0.53 1 .52 3.60 3.06177
5 175 3.06 0.54 2.48 3.62 3.25649
6 145 2.91 0.50 2.51 3.63 2.78682
7 Gulf 0.87 0.40 0.45 1 .90 1.75560
8 Gulf 0.81 0.32 0.45 1 .64 1 .13569
Overal1 1.94 0.90 0.45 3.63 77.27145
Source
Part  I I .  
of V ar ia t ion




d . f .  M.S. F
Total 95
Location 7 8. 8954 50 .60 **
Repl icates (Time) 11 0. 1331 0.76
Error 77 0. 1758
* * p < 0.01
Note : See Table 10a (Appendix)  f o r  the 96 i n d i v i d u a l
values used i n  comput ing these f i n d i n g s .
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Cadmium in Sediment
Cadmium in both r i v e r  and bay sediments occurred in 
concentrat ions that  were over 100- fold greater  than the 
amounts of th is  element found in water from the same loca­
t ions;  consequently,  the sediment values were determined,  
and are here reported,  as parts per m i l l i o n  (ppm). The mean 
sediment values fo r  the six r i v e r  locat ions were not con­
s i s t e n t l y  r e l a t e d ,  as were the water values,  to the d i s ­
tance of  the s ta t ion  downstream from St.  F r a n c i s v i l l e .
They f luc tua ted  instead of showing a steady gradual i n ­
crease,  as did the mean water values.  The sediment value 
was e x t r a o r d i n a r i l y  low at  Baton Rouge where the lea s t  
amount of cadmium, 0.32 ± 0.04 ppm, in r i v e r  sediments was 
found; y e t ,  strangely enough, only t h i r t y  miles downstream 
from Baton Rouge, a t  St .  Gabriel  the greatest  concentra­
t i o n ,  0.48 ± 0,08 ppm, was observed. The f luc tua t io ns  of  
the mean sediment values along the r i v e r  are i l l u s t r a t e d  
graph ica l ly  in Figure 8.
Because of the anomalous value at  Baton Rouge, and a 
dearth of information about the qua nt i t ie s  of cadmium and 
other pol lutants discharged Into the r i v e r ,  i t  is d i f f i c u l t  
to reconci le  the higher sediment values a t  a l l  other r i v e r  
stat ions wholly in terms of amounts of  cadmium waste e n t e r ­
ing the r i v e r .  Rather,  a more p laus ib le  a l t e r n a t i v e  ex­
planat ion is that  in the Baton Rouge area,  the in d u s t r i a l  
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F igure  8.  Mean Values w i t h  ± S.D. f o r  Cadmium i n  Sediment




Cadmium in  Sediment (ppm)
Part I .  Ind iv idua l  Locations
Location Mean S.D. Min. Max. Corrected  Sum of Squares
1 265 0.34 0.03 0.30 0.40 0.01089
2 255 0.40 0.07 0.31 0.49 0.04860
3 230 0.32 0.04 0.28 0.40 0.01782
4 200 0.48 0.08 0.30 0.58 0.07657
5 175 0.44 0.06 0.37 0.53 0.04309
6 145 0.38 0.03 0.34 0.53 0.00889
7 Gulf 0.37 0.05 0.31 0.45 0.02260
8 Gulf 0.30 0.05 0.25 0.38 0.02589
Overall 0.38 0.08 0.25 0.58 0.55687




Source of Var ia t ion d . f . M.S. F
Total 95
Location 7 0. 04322 15 .43**
Repl1 cates (Time) 11 0. 00312 1.11
Error 77 0. 00286
**p  < 0.01
Note : See Table 11a(Appendix)  f o r  the 96 i n d i v i d u a l
values used i n  comput ing these f i n d i n g s .
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quant i t ies  of other po l lu tants  th a t ,  in e f f e c t ,  leached cad­
mium from the sediment and in so doing increased cadmium in 
the water whi le lowering the sediment value a t  Baton Rouge.
Comparison of  the trends in Figures 7 and 8 shows an 
onset a t  Stat ion No. 5 (Donaldsonvi1l e ) , 45 miles downstream 
from Baton Rouge, of  diminishing cadmium values fo r  both 
r i v e r  water and sediment. Thus, cadmium appears to have 
been removed from Baton Rouge sediment and then deposited  
at  other locat ions downstream (Table 5 ) .  At Baratar ia Bay, 
the mean cadmium content of sediment, 0.37 ± 0.05 ppm, was 
not s i g n i f i c a n t l y  d i f f e r e n t  (p > 0 .05)  from 0.39 ± 0.05 ppm, 
the mean value fo r  the six r i v e r  locat ions .  The Baratar ia  
Bay water,  however, contained fa r  less (p < 0 .01)  cadmium 
than r i v e r  water,  the mean values (Table 4) being 0.87 ± 0 . 4 0  
and 2.31 ± 0.40 ppb, re s p e c t iv e ly .  This indicates that  
with respect to cadmium, water in Baratar ia  Bay was not 
d i r e c t l y  inf luenced by amounts of cadmium entering the 
r i v e r  above Gramercy. The mean value fo r  cadmium in sedi ­
ment a t  Galveston Bay was 0.30 ± 0.05 ppm which was s i g ­
n i f i c a n t l y  less (p < 0 .01)  than that  a t  Baratar ia  Bay, The 
various per t inent  data fo r  cadmium in sediment a t  the d i f ­
f e r e n t  locat ions are l i s t e d  in Table 5.
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Zinc in Water
The zinc content of Miss issippi  River water a t  St .  
F r a n c is v i l l e  f lu c tua ted  between the extremes of 12.0 and 
30.0 ppb during the six-month period covered by th is  study.  
Although the mean value a t  St .  F r a n c i s v i l l e ,  18.92 ± 5.33 
ppb, was the lowest of  the six r i v e r  values (Table 6 ) ,  the 
standard dev ia t ion  was the lar ges t  encountered and i t  cor ­
responded to a c o e f f i c i e n t  of v a r i a t io n  of  28%. The smal l ­
est c o e f f i c i e n t  of v a r ia t io n  was 13%, which was observed a t  
St.  Gabriel  where the mean zinc content of  r i v e r  water was 
19.83 ± 2.55 ppb. The mean value a t  St.  F r a n c i s v i l l e ,  how­
ever,  was not s i g n i f i c a n t l y  less (p > 0 .05)  than the over­
a l l  mean value,  20.65 ± 3.53 ppb, fo r  the f i v e  other r i v e r  
1ocati  ons.
The la rgest  mean value for  any s t a t io n ,  22.67 ± 3 . 8 9  
ppb, was found a t  Baton Rouge. I t  was s i g n i f i c a n t l y  
greater  (p < 0 .05)  than the overa l l  mean, 19.90 ± 3.64 ppb, 
fo r  the other f i v e  locat ions .  The zinc content of water  
increased at  a constant ra te  corresponding to 9.38 ppb/100 
mil-es over the 40-mi le distance from St.  F r a n c i s v i l l e  to 
Baton Rouge. Abruptly a t  Baton Rouge this trend changed,  
and over the 25-mi le distance from Baton Rouge to St .  
Gabriel  the zinc content of water decreased a t  a ra te  cor­
responding to 11.36 ppb/100 mi les.  At St.  Gabriel  the mean 
value was 19.83 ± 2.55 ppb, and no s i g n i f i c a n t  departures  
from this concentrat ion were observed over the remaining
67
TABLE 6
Zinc i n  Water (ppb)
Part  I .  Individual  Locations
Location Mean S.D. Min. Max. Corrected  Sum of squares
1 265 18.92 5.33 12.0 30.0 312.92
2 255 20.00 3.62 14.0 28.0 144.00
3 230 22.67 3.89 16.0 28.0 166.67
4 200 19.83 2.55 16.0 24.0 71.67
5 175 20.58 3.99 14.0 26.0 174.92
6 145 20.17 2.72 16.0 25.0 81 .67
7 Gulf 16.17 2.66 12.0 20.0 77.67
8 Gulf 19.83 2.86 15.0 24.0 89.67
Overa11 19.77 3.83 12.0 30.0 1394.96




Source of  Var ia t ion d . f .  M.S. F
Tota 1 95
Locati on









3 .1 5* *
1.14
p < 0.01
No te : See Table 12a (Append ix ) f o r  the 96 i n d i v i d u a l
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Figure 9. Mean Values with ± S.D. for  Zinc in Water (ppb) 
a t  Six Stat ions along Lower Mississippi  River
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65 miles downstream to Gramercy. These f ind ings are pre­
sented graph ic a l l y  in Figure 9; other per t inen t  data fo r  
zinc in water a t  a l l  e ight  locat ions are given in Table 6.  
At Baratar ia Bay the mean value was 16.17 ± 2.66 ppb which 
corresponded to a 20% decrease (p < 0 .01)  in zinc content  
of the water,  based on the mean value of 20.36 ± 3.68 ppb 
f o r  a l l  six r i v e r  locat ions .  At Galveston Bay the mean 
zinc content of water ,  19.83 ± 2.86 ppb, was s i g n i f i c a n t l y  
higher (p < 0 .05)  than a t  Baratar ia  Bay.
Zinc in Sediment
Whereas the concentrat ion of cadmium in sediment  
usual ly  ranged from about 100 to 400 times the amount 
found in water a t  the same lo c a t ion ,  comparable sediment/  
water r a t io s  fo r  zinc were much lar ge r  and ranged from 
about 1400 to 2500. Zinc in sediment, l i k e  cadmium in  
sediment, was determined as parts per m i l l i o n .
For the six locat ions along the r i v e r ,  the mean 
sediment values fo r  zinc were r e l a t i v e l y  constant and 
ranged from 31.67 ± 3.26 ppm at  Baton Rouge to 32.50 ppm 
(± 1.78 and ± 2 .88 ,  resp ec t ive ly )  a t  St .  Gabriel  and 
Donaldsonvi11e. The r i v e r  sediment values fo r  zinc are 
are shown graph ic a l ly  in Figure 10; these values together  
with other per t in en t  data are given in Table 7.
Comparison of Figure 8 for  cadmium in sediment with  
Figure 10 fo r  zinc in sediment reveals a strong general s imi ­
l a r i t y ;  the only d i f fe re nce  between the trends depicted by
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TABLE 7
Zinc in Sediment (ppm)
Part I . Ind iv idua l  Locations
Location Ri ver Mile Mean S.D. Min. Max.
Corrected 
Sum of  Squares
1 265 32.08 2.43 28.0 35.0 64.92
2 255 32.33 3.73 28.0 37.0 152.67
3 230 31.67 3.26 27.0 36.0 116.67
4 200 32.50 1 .78 30.0 36.0 35.00
5 175 32.50 2.88 28.0 36.0 91 .00
6 145 32.17 2.29 29.0 36.0 57.67
7 Gulf 41.50 4.30 36.0 48.0 203.00
8 Gulf 19.08 3.26 12.0 24.0 116.92
Overa11 31 .73 6.43 12.0 48.0 3924.96




Source of Var ia t ion d . f . M.S. F
Total 95
Location 7 441.02 45 .32**
Repl icates (Time) 11 8.04 0.83
Error 77 9.73
* *p  < 0.01
Note: See Table 13a (Appendix)  f o r  the 96 i n d i v i d u a l
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F igu re  10. Mean Values w i t h  ± S.D. f o r  Zinc i n  Sediment
(ppm) a t  S ix  S t a t i o n s  a long Lower M i s s i s s i p p i
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the two graphs occurs between Stat ion  No. 4 and Sta t ion  
No. 5 (St .  Gabriel  and Donaldsonvi11e) where zinc remained 
constant and cadmium began to dec l i ne .  Comparison of  
Figure 7 fo r  cadmium in water with Figure 9 fo r  zinc in 
water also reveals c e r ta in  general s i m i l a r i t i e s ,  although 
these are not as pronounced as those in the sediment graphs.  
The main d i f fe re n c e  in s h i f t s  of  trends in Figures 7 and 9 
is that  cadmium in water continued to increase between 
Baton Rouge and St .  Gab r i e l ,  whereas zinc in water decreased 
over this distance.
These f indings fu r th e r  impl icate  Sta t ion  No. 3 
(Baton Rouge) as a locat ion  where zinc and cadmium in sedi ­
ment are s i g n i f i c a n t l y  less than they are a t  other loca­
t ions along the r i v e r ,  and moreover, that  for  a t  l e a s t  25 
miles downstream from Baton Rouge, the r i v e r  water is en­
riched with both of these elements.
For the six r i v e r  locat ions the overa l l  mean value 
fo r  zinc in sediment was 32.21 ± 3.11 ppm; in comparison, 
the value fo r  Baratar ia Bay, 41.50 ± 4.30 ppm was much 
greater  (p < 0 .01)  and that  fo r  Galveston Bay, 19.08 ± 3 .2 6  
ppm, was much less (p < 0 .0 1 ) .
Sal i ni ty of Water
The s a l i n i t y  of  water was determined as mi l l igrams  
per l i t e r  which corresponds to concentrat ions 1000 times 
greater  than those determined for  cadmium and zinc in water.
73
The mean s a l i n i t y  values ranged from 15.75 mg/1 (± 1.42 
± 2 .34 ,  re s p e c t iv e ly )  a t  St .  F r a n c i s v i l l e  and Baton Rouge 
to 18.83 ± 1.34 mg/1 a t  Donaldsonvi11e . The l a t t e r  value  
was s i g n i f i c a n t l y  greater  (p < 0 .05)  than the mean, 16.33 
± 2.07 mg/1, f o r  the other f i v e  r i v e r  s ta t io ns .  The mean 
s a l i n i t y  values fo r  the six locat ions along the r i v e r  are 
shown graph ica l l y  in Figure 11, and these together with  
other pe r t inen t  data for  a l l  e ight  locat ions are presented 
i n Table 8.
Comparison of Figure 11 with the four previous graphs 
reveals tha t  strong general s i m i l a r i t i e s  e x i s t  among 
Figures 11 ,10  and 8; that  i s ,  the trends del ineated by 
graphs fo r  s a l i n i t y  of water ,  zinc in sediment,  and cad­
mium in sediment c lose ly  p a r a l l e l  each other with a s ingle  
exception that  occurred between Stat ion  No. 4 and Stat ion  
No. 5 (St .  Gabriel  and Donaldsonvi l ie)  where s a l i n i t y  of 
water increased (F ig .  11 ) ,  zinc in sediment remained con­
stant  (F ig .  1 0 ) and cadmium in sediment began to decrease 
(F ig .  8 ) .  For each of these three parameters,  the smal lest  
mean value occurred a t  Stat ion  No. 3 (Baton Rouge).
In Figures 11, 7, and 9 the trends between Port  Hud­
son and St.  Gabriel  show an inverse re la t io n s h ip  between 
s a l i n i t y  of  water a t  Baton Rouge and both cadmium and zinc 
in water at  th is  locat ion;  tha t  i s ,  both cadmium and zinc  
in water increased over the 25-mi le distance from Port  Hud­
son to Baton Rouge, whereas the s a l i n i t y  decreased.
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TABLE 8
S a l i n i t y  of  Water (mg/L)
Part  I . Ind iv idua l  Locations
Location Ri ver Mile Mean S.D. Min. Max.
Corrected 
Sum of Squares
1 265 15.75 1 .42 12.0 18.0 22.25
2 255 16.42 2.11 14.0 21 .0 48.92
3 230 15.75 2.34 14.0 21 .0 60.25
4 200 16.75 1 .29 14.0 18.0 18.25
5 175 18.83 1 .34 16.0 21 .0 19.67
6 145 17.00 1 .35 15.0 20.0 20.00
7 Gulf 19.33 3.39 16.0 27.0 126.67
8 Gulf 24.25 2.34 19.0 27.0 60.25
Overa l1 18.01 3.34 12.0 27.0 1056.99




Source of  V ar ia t ion d . f . M.S. F
Total 95
Location 7 97.25 22 .75**
Repl icates (Time) 11 4.28 1.00
Error 77 4.27
**p  < 0.01
Note: See Table 14a (Append ix ) f o r  the 96 i n d i v i d u a l
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Downstream from Baton Rouge, s a l i n i t y  of  water and cadmium 
in water increased,  whi le  zinc in water decreased.
The mean value fo r  s a l i n i t y  of water a t  Baratar ia  
Bay was 19.33 ± 3.39 mg/1 which was s i g n i f i c a n t l y  less 
(p < 0 .01)  than the mean value,  24.25 ± 2.34 mg/1, observed 
a t  Galveston Bay.
pH of Water
The overal l  mean pH of  water fo r  the six stat ions  
along the Lower Mississippi  River over the six-month period 
from October 1973 through March was 7.40 ± 0 .37.  Comparable 
values for  Stat ion No. 1 and Stat ion  No. 6,  that  i s ,  St .  
F r a n c is v i l l e  a t  the beginning and Gramercy a t  the end, of 
the 120-mile s tre tch  of r i v e r  covered by th is  study,  were 
7.43 ± 0.38 and 7.39 ± 0 .34.  This indicated that  the 
changes in a l k a l i n i t y  observed a t  the intermediate stat ions  
along the way e f f e c t i v e l y  neutra l i zed  each other.
At each of the f i r s t  two s t a t io n s ,  St .  F r a n c is v i l l e  
and Port Hudson, the mean pH was 7.43 (± 0.38 and ± 0 .4 5 ,  
re s p e c t i v e ly ) .  Over the 55-mi le distance downstream from 
Port Hudson to St .  Gabr ie l ,  the mean value decreased a t  a 
ra te  corresponding to 0.36 uni ts /100  mi les .  From a minimum 
pH of 7.23 ± 0.27 observed a t  St .  Gabr ie l ,  the trend r e ­
versed i t s e l f  and over the 25-mi le distance f a r t h e r  down­
stream to Donaldsonvi11e, the pH increased a t  a ra te  cor ­
responding to 1.36 uni ts /100  miles to a maximum value of  
7.57 ± 0 . 4 4 ,  which was s i g n i f i c a n t l y  higher (p < 0 .01)  than
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that  observed a t  St .  G ab r i e l .  The trend again reversed i t ­
s e l f  and a t  Gramercy the mean pH was 7.39 ± 0.34 which was 
only 0.5% (0.04 u n i ts )  less than the value observed 120 
miles upstream a t  St .  F r a n c is v i l l e  and Port Hudson. These 
trends are shown graph ic a l l y  in Figure 12; other per t inen t  
data fo r  pH of water a t  a l l  eight  locat ions are given in 
Table 9.
At Baratar ia  Bay the mean pH was 7.44 ± 0 .3 4 ,  which 
was v i r t u a l l y  the same as the value fo r  St .  F r a n c is v i l l e  
and Port Hudson. At Galveston Bay the mean pH, 7.78 ± 0 .31 ,  
was s i g n i f i c a n t l y  higher (p < 0 .05)  than that  a t  Baratar ia  
Bay.
Dif ferences Between Selected Pairs 
of River and Bay Locations
Three pairs of  locat ions ,  St .  F r a n c i s v i l l e  and 
Gramercy on the r i v e r ,  Gramercy and Baratar ia  Bay, and 
Baratar ia  Bay and Galveston Bay on the Gulf  of  Mexico, were 
selected for  purposes of comparison. Mean values fo r  each 
of the six parameters studied,  namely, cadmium in water and 
in sediment, zinc in water and in sediment, and s a l i n i t y  
and pH of water ,  were evaluated with respect  to observed 
numerical d i f fe re nc es ,  the percentage changes to which 
these corresponded, and t h e i r  r e l a t i v e  s ign i f icanc e as 
judged from t h e i r  computed t -va lu es .
The two r i v e r  locat ions were selected in order to 




Part  I . Indiv idual Locati ons
Location RM1.v,er Mile Mean S.D. Min. Max.
Corrected 
Sum of Squa
1 265 7.43 0.38 7.00 8.10 1 .5867
2 255 7.43 0.45 7.00 8.50 2.2267
3 230 7.32 0.33 7.00 8.10 1.2225
4 200 7.23 0.27 6.90 7.80 0.8267
5 175 7.57 0.44 7.00 8.20 2.0867
6 145 7.39 0.34 6.90 8.00 1.2492
7 Gulf 7.44 0.34 7.00 8.10 1.2892
8 Gulf 7.78 0.31 7.30 8.10 1.0425
Overa l1 7.45 0.38 6.90 8.50 13.7600
Part  I I .  
Source of Va r ia t ion
Analysis of Variance 
(Locations 1-8)
d . f .  M.S.
To ta 1
Locati  on









Note: See Table 15a (Appendix)  f o r  the 96 i n d i v i d u a l
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120-mile distance separating them. The comparative data 
fo r  St .  F r a n c is v i l l e  and Gramercy are given in Table 10.  
Only one parameter,  cadmium in water,  showed a s i g n i f i c a n t  
(p < 0 .01)  change between St .  F r a n c i s v i l l e  and Gramercy; i t  
had increased 88%. Although four other parameters,  cadmium 
in sediment, zinc in water and in sediment,  and s a l i n i t y  of  
water ,  showed s l i g h t l y  increased values a t  Gramercy, these 
dif ferences together with the small decrease in pH of  water  
were not s i g n i f i c a n t  (p > 0 .0 5 ) .  These f ind ings ind icate  
t h a t ,  except for  the increase of  cadmium in water ,  any e f ­
fects on the parameters by various e f f l u e n t  wastes d i s ­
charged into the r i v e r  below St .  F r a n c i s v i l l e  had been 
e s s e n t i a l l y  neutral i zed by the time the r i v e r  reached 
Gramercy.
S imi lar  comparative data for  Gramercy, which is l o ­
cated about 145 miles upstream from the mouth of the r i v e r ,  
and Baratar ia  Bay which l i e s  a few miles west of  the r i v e r ,  
are given in Table 11. At Baratar ia  Bay the amounts of cad­
mium in water and zinc in water were both notably less 
(p < 0 .01)  than those observed in r i v e r  water a t  Gramercy. 
The values for  cadmium in sediment a t  the two locat ions  
were v i r t u a l l y  the same. Zinc in sediment a t  Baratar ia  Bay 
was much greater  (P < 0 .01)  than i t  was in r i v e r  sediment 
at  Gramercy. The s a l i n i t y  of  water was s i g n i f i c a n t l y  i n ­
creased (p < 0.01)  at  Baratar ia  Bay due to the proximity  
of this locat ion  to the Gulf  of Mexico. There was l i t t l e
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TABLE 10
Dif ferences Between Mean Values of Six Parameters 
fo r  St .  F r a n c is v i l l e  and Gramercy 
(Percentages based on St.  F r a n c i s v i l l e  means)
Parameter St.  Fran­cis v i 11 e Gramercy




Cd in H20 1.55 2.91 1.36 +88 7 .9 9 * *
Cd in Sed. 0.34 0.38 0.04 +12 1 .83
Zn in H20 18.92 20.17 1 .25 + 7 0.87
Zn in Sed. 32.08 32.17 0.09 + .3 0.07
Sal .  H20 15.75 17.00 1 .25 + 8 1.48
pH H20 7.43 7.39 0.04 - 5 0.27
**p  < 0.01
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TABLE 11
Dif ferences Between Mean Values of Six Parameters 
for  Gramercy and Baratar ia  Bay 
(Percentages based on Gramercy means)
Parameter Gramercy BaratariaBay




Cd in H20 2.91 0.87 . 2.04 -70 11 .99**
Cd in Sed. 0.38 0.37 0.01 - . 3 0.46
Zn in H20 20.17 16.17 4.00 -20 2.77**
Zn in Sed. 32.17 41.50 9.33 + 29 7.23**
Sal .  H20 17.00 19.33 2.33 +14 2.76**
pH H20 7.39 7.44 0.05 + .7 0.33
**p  < 0.01
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d i f fe rence  (p > 0 .05)  between the pH values of water a t  the 
two locat ions.
Comparative data fo r  the two Gulf  locat ions ,  Bara­
t a r i a  Bay and Galveston Bay, are given in Table 12.  Galves­
ton Bay contained s l i g h t l y  less cadmium in water than 
Baratar ia  Bay but the d i f fe rence  was not s i g n i f i c a n t  
(p > 0 .0 5 ) .  The cadmium concentrat ion in bay sediment at  
Galveston was appreciably less (p < 0 .01)  than tha t  in  
Baratar ia  sediment. Zinc in water,  however, a t  Galveston 
Bay was 23% greater  (p < 0 .05)  than a t  Baratar ia  Bay, 
whereas zinc in sediment was 54% less a t  Galveston Bay than 
i t  was in sediment a t  Baratar ia  Bay. At Galveston Bay the 
s a l i n i t y  of water was 25% higher (p < 0 .01)  and the a l k a ­
l i n i t y  was 5% greater  (p < 0 .05)  than the values of these 
two parameters observed a t  Baratar ia Bay.
These f indings ind ica te  t h a t ,  with the exception of 
cadmium in water ,  the parameters of  the two bays are s ig ­
n i f i c a n t l y  d i f f e r e n t .  Undoubtedly they are a f fe cted  by a 
number of  var iables such as frequency and height of  t i d e s ,  
d irec t io n  and strength of currents ,  volumes of f lood waters 
enter ing the bays, kinds and amounts of  i n d u s t r i a l  p o l lu ­
tants discharged into the bays, local  so i l  condi t ions ,  and 
the l i k e ,  which were not determined during the course of 
this study. Although zinc and cadmium both belong to Sub­
group I I  of the Periodic Table and resemble each other  
close ly  in many of t h e i r  chemical proper t ies ,  the data here
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TABLE 12
Dif ferences Between Mean Values of Six Parameters 
f o r  Baratar ia  and Galveston Bays 
(Percentages based on Baratar ia  means)
Bays _____  Pi f f  erenceret r dine Barataria Galveston Amount Percent t - v m u e
Cd i n h 2o 0 . 8 7 0 . 8 1 0 . 0 6 -  7 0 . 3 5
Cd in Sed. 0 . 3 7 0 . 3 0 0 . 0 7 - 1 9 3 . 2 1 * *
zn in h 2o 1 6 . 1 7 1 9 . 8 3 3 . 6 6 + 23 2 . 5 3 *
Zn i n Sed. 41 . 5 0 1 9 . 0 8 2 2 . 4 2 - 5 4 17 . 3 8 * *
Sal H20 1 9 . 3 3 2 4 . 2 5 4 . 9 2 +25 5 . 8 3 * *
pH h 2 o 7 . 4 4 7 . 7 8 0 . 3 4 + 5 2 . 2 6
*p < 0.05
**p  < 0.01
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presented ind icate  that  these two elements respond qui te  
d i f f e r e n t l y  in t h e i r  s o l u b i l i t y  behaviors to the dynamic 
environmental condit ions associated with Baratar ia  Bay and 
Galveston Bay.
Cadmium in Oysters
The concentrat ion of cadmium in oysters from Bara­
t a r i a  Bay and Galveston Bay was approximately 1,000 times 
greater  than the concentrat ion of th is  element in water  
from these two locat ions.  The cadmium values fo r  oysters 
were determined, and are here reported,  as parts per m i l ­
l i o n ,  as were also the values for  cadmium in sediment.  
Comparison of the cadmium values fo r  oysters and sediment 
reveals tha t  the concentrat ion of this element in oysters 
was s l i g h t l y  more than twice that  found in sediment a t  the 
same locat ion;  the ra t io s  (cadmium in oysters/cadmium in 
sediment) were 2.14 a t  Baratar ia  Bay and 2.80 at  Galveston 
Bay.
The cadmium content of oysters from Baratar ia  Bay 
ranged from 60.0 ppm (November 1, 1973) to 100.0 ppm (Octo­
ber 1, 1973) during the six-month period,  October 1973 
through March 1974, whi le a t  Galveston Bay during the same 
period of time the range was from 70.0 ppm (December 1973 
and January 1974) to 100.0 ppm (February 15, 1974) .  There 
was l i t t l e  d i f fe rence  (p > 0 .05)  between the mean values 
for  cadmium in oysters from the two bays; fo r  oysters from
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Baratar ia  Bay the mean was 0.79 ± 0.12 ppm and fo r  those 
from Galveston Bay the mean was 0.84 ± 0.12 ppm.
On the same dates that  the twelve co l lect ions  of  
oysters were taken from the bays over the six-month per iod,  
purchases of oysters on the r e t a i l  market were made in 
Baton Rouge, New Orleans,  and Galveston; the mean cadmium 
contents of market oysters from these three locat ions were 
0.42 ± 0 .06,  0.45 ± 0 .06 ,  and 0.44 ± 0.04 ppm, re s p e c t i v e ly .  
Dif ferences among these mean cadmium values fo r  market 
oysters were not s i g n i f i c a n t  (p > 0 . 0 5 ) .
The market, oysters contained s i g n i f i c a n t l y  less 
(p < 0.01)  cadmium than f re sh ly  shucked bay oysters.
Whether the market oysters came from Baratar ia  Bay, Galves­
ton Bay, or from other locat ions is not known.
Various per t inent  data fo r  cadmium in oysters are 
given in Table 13, and the 60 ind iv idua l  an a ly t ic a l  values 
used in the computations are l i s t e d  in Table 16a (Appendix).
Zinc in Oysters
The mean zinc content of oysters from Baratar ia  Bay 
was 458.83 ± 28.75 ppm, and of those from Galveston Bay, 
456.25 ± 26.96.  The d i f ference  between these two mean 
values was not s i g n i f i c a n t  (p > 0 . 0 5 ) .  These concentra­
t ions of zinc in oysters were roughly 25,000 times greater  
than the concentrat ions of zinc in water from these two 
locat ions .  This may ind icate that  oysters ,  r e l a t i v e  to
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TABLE 13
Cadmium in Oysters (ppm)
Part  I .  Bay and Market Locations
Location Mean S.D. Corrected Min. Max. Sum 0f  squares
Baratar ia  Bay 0.79 0.12 0.60 1.00 0.1600
Galveston Bay 0.84 0.12 0.70 1.00 0.1558
Baton Rouge Market 0.42 0.06 0.33 0.50 0.0410
New Orleans Market 0.45 0.06 0.37 0.56 0.0462
Galveston Market 0.44 0.04 0.39 0.50 0.0138
Overal l  0.59 0.21 0.33 1.00 2.5048
Part  I I .  Analysis of Variance
Source of Va r ia t ion d . f .  M.S. F
Total 59
Location 4 0.5220 73 .52**
Repl icates (Time) 11 0.0095 1 .34
Error 44 0.0071
**p  < 0.01
Note: See Table 16a (Appendix) fo r  the 60 ind iv idua l  
values used in computing these f ind ings.
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t h e i r  aqueous surroundings, have a 25- fo ld  greater  a f f i n i t y  
for  zinc than fo r  cadmium, since as was noted in the f o r e ­
going sect ion ,  the r a t i o ,  cadmium in oysters/cadmium in 
water ,  was approximately 1,000.
Based on sediment v a l Mi i  of the two metals,  the 
ra t ios  fo r  cadmium in oysters/cadmium in sediment were 2.14  
a t  Baratar ia  Bay and 2.80 a t  Galveston Bay; the correspond­
ing ra t io s  fo r  zinc in oys ters /z inc  in sediment were 11.06 
and 23.88 fo r  the two locat ions ,  re sp ec t ive ly .  This may 
l ikewise ind icate  that  oysters ,  r e l a t i v e  to t h e i r  environ­
mental sediments, have 5- to 8 - fo ld  greater  a f f i n i t i e s  fo r  
zinc than for  cadmium. On a grav imetr ic  basis of parts per 
m i l l i o n ,  the observed ra t io s  of zinc in oysters to cadmium 
in oysters were 580.8 a t  Baratar ia  Bay and 543.2 a t  Galves­
ton Bay.
The zinc contents of oysters and water from the same 
locat ion were negat ive ly ,  but not s i g n i f i c a n t l y  (p > 0 .05)  
corre la ted ;  the c o e f f i c ie n t s  o f  c o r r e la t io n  were -0 .334  at  
Baratar ia Bay and -0.197 a t  Galveston Bay. Thus, in each 
of the bays, as the content of zinc in water decreased, the 
amount of zinc in oysters tended to increase.  Also nega­
t i v e l y  corre la ted  were the zinc contents of oysters and 
sediment from the same locat io n .  The c o e f f i c i e n t  of co rr e ­
l a t io n  for  Baratar ia  Bay oysters and sediment was -0.588  
which was s i g n i f i c a n t  (p < 0 . 0 5 ) ;  that  fo r  Galveston Bay 
oysters and sediment was -0 .079  which was not s i g n i f i c a n t
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(p > 0 . 0 5 ) .  Further studies are needed to e lucidate the 
re la t ionsh ips  among environmental inf luences on the zinc  
and cadmium contents of  oysters.
The standard analysis of variance (Part  I I  of  
Table 14) indicated that  d i f ferences  in zinc content of 
oysters due to locat ion were not s i g n i f i c a n t  (p > 0 . 0 5 ) ,  
but there was a s i g n i f i c a n t  d i f fe rence  due to time 
(p < 0 . 0 5 ) .  The overal l  mean zinc content of oysters from 
the two bays fo r  the period,  October 1, 1973, through 
January 1, 1974, was 445.4 ppm whereas the mean value for  
the next two months, January 15 through March 15, 1974,  
was 474.6 ppm which corresponded to an increase of 7%. The 
mean zinc values of oysters from the two individual  bays 
for  the above two periods of time were almost i d e n t i c a l :  
446.6 and 476.0 ppm at  Baratar ia  Bay, and 444.1 and 473.2  
ppm at  Galveston Bay, respec t ive ly .  Oysters from the Baton 
Rouge market showed a 9% with respect to the same two 
periods of t ime, the zinc contents being 426.3 and 463.8 ppm, 
re sp ec t iv e ly .  In marked con tras t ,  oysters from the New 
Orleans and Galveston markets showed almost no change with  
respect to the two periods of t ime,  the mean zinc contents 
being 436.4 and 434.6 ppm at  New Orleans,  and 446.7 and 
446.8 ppm a t  Galveston, resp ec t ive ly .
Over the six-month period covered by this study,  
among the twelve re p l ica tes  ( t ime)  of  oyster c o l le c t io n s ,  
the overa l l  mean value of zinc based on a l l  f i v e  locat ions
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TABLE 14 
Zinc in Oysters (ppm)
Part  I . Bay and Market Locations
Locati  on Mean S.D. Corrected Max. Sum of Squares
Baratar ia  Bay 458.83 28.75 400.0 500.0 9091.67
Galveston Bay 456.25 26.96 411.0 490.0 7996.25
Baton Rouge Market 441.92 26.52 412.0 500.0 7738.92
New Orleans Market 437.33 22.26 400.0 476.0 5452.67
Galveston Market 446.75 28.90 398.0 492.0 9190.25
Overal1 448.22 27.16 398.0 500.0 43520.18
Part I I .  Analysis of Variance
Source of  Var ia t ion d . f .  M.S. F
Total 59
Locati  on 4 1012. 61 1.88
Repl icates (Time) 11 1432.31 2 .66*
Error 44
*p < 0.05
Note: See Table 17a (Appendix) fo r  the 60 ind iv idua l  
values used in computing these f ind ings.
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(two bays and three markets) was smal lest ,  414.8 ppm on 
October 1, 1973, and la r ge s t ,  472.8 ppm on January 15,
1974; Indiv idual  values ranged from 398 to 500 ppm during 
the study.
Cadmium in Shrimp
The mean cadmium contents of shrimp were remarkably 
constant during the six-month period covered by th is  study.  
The mean values fo r  the f i v e  locat ions ,  two bays and three  
markets,  together with other pe r t inen t  data are given in 
Table 15. The analysis of  variance (Par t  I I  of Table 15) 
indicated that  nei ther  time nor place of c o l le c t io n  of  
shrimp s i g n i f i c a n t l y  inf luenced the values,  which ranged 
from 0.37 ± 0.04 ppm at  both Galveston Bay and Galveston 
Market to 0.40 ± 0.06 ppm at  the New Orleans Market.  The 
overa l l  mean value for  cadmium in shrimp was 0.38 ± 0.06  
ppm.
The concentrat ion of cadmium in shrimp was about 450 
times greater  than that  of the water where the shrimp were 
caught; the r a t i o ,  cadmium in shrimp/cadmium in water ,  was 
448.3 at  Baratar ia Bay and 456.8 a t  Galveston Bay. The 
corresponding shrimp/sediment r a t io s  f o r  th is  element were 
1.05 and 1 .23,  re spec t ive ly .  On a grav imetr ic  basis,  shrimp 
from these two bays contained only about ha l f  as much cad­
mium as did oysters from the same locat ions (Table 13) .
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TABLE 15 










Baratar ia  Bay 0.39 0.07 0.28 0.51 0.0567
Galveston Bay 0.37 0.04 0.33 0.46 0.0155
Baton Rouge Market 0.38 0.08 0.28 0.52 0.0702
New Orleans Market 0.40 0.06 0.29 0.53 0.0458
Galveston Market 0.37 0.04 0.28 0.50 0.0411
Overa l1 0.38 0.06 0.28 0.53 0.23 58
Part I I .  Analysis of  Variance
Source of  Var ia t ion d . f .  M.S. F
Total
Location
Repl icates (Time)  
Error
59
4 0.001618 0.35  
11 0.002259 0.49  
44 0.004647
Effects of var iables not s i g n i f i c a n t .
N o te : See Table 18a (Append ix ) f o r  the 60 i n d i v i d u a l
values used in  comput ing these f i n d i n g s .
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Zinc in Shrimp
The mean zinc contents,  l i k e  those of cadmium, in 
shrimp varied only s l i g h t l y  (p > 0 .05)  during this s ix -  
month study. In Table 16 are given the mean zinc values 
fo r  the f i v e  locat ions where the shrimp were c o l le c t e d ,  t o ­
gether with other per t inent  data.  The analysis of  variance  
reported in Part  I I  of  this tab le  indicated t h a t ,  as was 
found fo r  cadmium in shrimp (Table 15) ,  nei ther  time nor 
place of co l l e c t io n  had s i g n i f i c a n t  e f fe c ts  on the mean 
zinc contents.  Shrimp from the New Orleans Market contained 
the l eas t  amount of z inc ,  340.50 ± 23.09 ppm, whereas those 
from the Baton Rouge Market contained the most, 353.00  
± 19.79 ppm.
Although the mean zinc content of water a t  Galveston 
Bay was 23% greater  than that  a t  Baratar ia  Bay (Table 6 ) ,  
the mean zinc content of shrimp from Galveston Bay was only 
one percent more than tha t  of  shrimp from Baratar ia  Bay, 
the values fo r  the two locat ions being 351.83 ± 18.16 and 
347.67 ± 35.73 ppm, re spec t ive ly .  The d i f f e re n c e  was not 
s i g n i f i c a n t .  These concentrat ions of zinc in shrimp were 
21,500,  and 17,700,  times greater  than the concentrat ions  
of zinc in water at  Baratar ia  Bay and Galveston Bay, r e ­
sp ect ive ly .  The corresponding oys ter /wa ter  r a t io s  fo r  zinc 
content a t  these two locat ions were 28,375 and 23,000,  r e ­
s pe ct ive ly .  On a grav imetr ic basis,  oysters contained 
about one-thi rd  more zinc than shrimp, the r e l a t i v e  amounts
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TABLE 16
Zinc in Shrimp (ppm)
Part  I Bay and Market Locations
Locati  on Mean S.D. Min. Max. Corrected Sum of Squar
Baratar ia Bay 347.67 35.73 289.0 386.0 14044.67
Galveston Bay 351.83 18.86 312.0 372.0 3913.67
Baton Rouge Market 353.00 19.79 322.0 381.0 4310.00
New Orleans Market 340.50 23.09 300.0 388.0 5863.00
Galveston Market 344.00 27.05 310.0 390.0 8052.00
Overal l 347.4 25.21 289.0 390.0 37506.40
Part  I I .  Analysis of Variance  
Source of  Va r i a t ion  d . f .  M.S. F
Total  59
Location 4
Repl icates (Time) 11
Error 44
Ef fects of  var ia b les  not s i g n i f i c a n t .
Note: See Table 19a (Appendix) fo r  the 60 ind ividual





being 32% more at  Baratar ia Bay, and 30% more a t  Galveston 
Bay.
Corre la t ion  Coef f i c ients  of Variables  
*?or Baratar ia  and Galveston Bays
The values of the Pearson product-moment c o e f f i ­
c ients of co r r e la t i o n  of  the ten var iables- -CdH20 , cadmium 
in water;  ZnHgO, zinc in water;  pHH20,  pH of water;  SLHgO, 
s a l i n i t y  of  water;  CdSED, cadmium in sediment; ZnSED, zinc 
in sediment; CdOYS, cadmium in oysters;  ZnOYS, zinc in 
oysters;  CdSMP, cadmium in shrimp; and ZnSMP, zinc in 
shr imp- - for  each of the two bays (B = Baratar ia  and 
G = Galveston) are presented in the form of a c o r r e la t io n  
matrix in Table 17.
At Baratar ia Bay f i v e  co r r e la t io n  c o e f f i c ie n t s  were 
s t a t i s t i c a l l y  s i g n i f i c a n t ;  three were p o s i t i v e ,  . 91 1 * * ,  
. 7 8 3 * * ,  and .59 5* ,  for  s a l i n i t y  of water vŝ  cadmium in 
water ,  pH of water v_s cadmium in oysters ,  and zinc in water  
vs_ cadmium 1n shrimp, re spec t ive ly ;  and two were negat ive,
- .  622* and - . 5 8 8 *  for  cadmium in water ys_ cadmium in sedi ­
ment, and zinc in sediment ys_ zinc in oysters ,  r e s p ec t iv e ly .  
None of these f i v e  re la t ionships  were s i g n i f i c a n t  at  Gal ­
veston Bay.
Six other  co rr e la t ion  c o e f f i c ie n t s  were s i g n i f i c a n t  
a t  Galveston Bay; four were p o s i t i v e ,  . 7 6 3 * * ,  . 71 4 * * ,  .618* ,  
and .58 2* ,  for  pH of water vs_ zinc in sediment, s a l i n i t y  of 
water vŝ  zinc in water ,  zinc in oysters vs cadmium in
TABLE 17
Corre la t ion  Matr ix fo r  Ten Var iables a t  Baratar ia Bay and Galveston Bay
Variable ZnH20 pHH20 slh2o CdSED ZnSED CdOYS ZnOYS CdSMP ZnSMP Bay
CdH,0: B .019 .029 .911** -.622* -.210 .152 .021 -.265 -.215 BL G .102 .280 -.029 -.383 .251 -.467 -.235 .186 .046 G
ZnH,0: B .242 -.017 .008 .366 .211 -.334 .595* .023 Bc G .419 .714** -.189 .529 -.125 -.197 .180 .237 G
pHH,0: B .245 .557 .300 .783** -.294 .145 -.185 Br c G -.028 .479 .763** -.443 -.619* .081 -.450 G
SLH«0: B -.355 -.106 .224 -.275 -.248 -.157 Bc G -.390 -.003 -.103 -.112 .080 .582* G
CdSED: B .098 .254 -.253 .243 .005 B
G .169 .088 -.381 -.352 -.650* G
ZnSED: B .099 -.588* -.205 .150 B
G -.197 -.079 .282 -.261 G
CdOYS: B .084 .244 -.356 B
G .618* .140 .167 G
ZnOYS: B -.030 -.060 B
G .339 .091 G
CdSMP: B .006 B
G .030 G
*p < 0 . 0 5  C r i t i c a l  values fo r  10 d . f . :  0.576 a t  5% l e v e l .
* *p  < 0.01 0.708 a t  1% l e v e l . VO
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oysters,  and s a l i n i t y  of  water \ ŝ zinc in shrimp, respec­
t i v e l y ;  and two were negat ive,  - . 6 5 0 *  and - . 6 1 9 * ,  for  zinc 
in shrimp vŝ  cadmium in sediment, and pH of water vs_ zinc 
in oysters,  re sp ec t i ve ly .  None of these six re la t ionships  
were s i g n i f i c a n t  a t  Baratar ia Bay.
The matrix of c o r r e la t io n  c o e f f i c ie n t s  (Table 17) 
reveals the absence of a s ingle instance where, fo r  any 
pai r  of va r ia b le s ,  s i g n i f i c a n t  c o r r e la t io n  c o e f f i c ie n t s  
were common to both bays; th at  i s ,  i f  two var iables  were 
s i g n i f i c a n t l y  corre la ted  a t  Baratar ia  Bay, the co r r e la t io n  
of these two var iables  was not s i g n i f i c a n t  a t  Galveston 
Bay, and vice versa. Quant i t a t ive  d i f ferences between 
numerical means for  the six environmental parameters of 
the two bays were previously discussed with reference to 
Table 14, and these fu r th e r  confirm the i n d i v i d u a l i s t i c  
q u a l i t i e s  of each bay.
The s i g n i f i c a n t  c o r r e l a t i o n s ,  together with others 
tending toward s ig n i f i c a n c e ,  were d is t r ibu te d  among the 
ten var iables as fo l lows:
CdHgO. Cadmium in water was:
1) P o s i t iv e ly  corre la ted  with s a l i n i t y  of water at  
Baratar ia Bay ( . 9 1 1 * * ) ;  as the amount of ch lor ide  ion i n ­
creased, the amount of cadmium in water also increased.  
This re la t ionsh ip  did not hold a t  Galveston Bay.
2) Negat ively corre la ted  with cadmium in sediment 
at  Baratar ia Bay ( - . 6 2 2 * ) ;  as the amount of cadmium in
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sediment increased,  the amount of  cadmium in water de­
creased. There was a tendency for  th is  r e la t ion s h ip  to 
hold a t  Galveston Bay.
3) Not s i g n i f i c a n t l y  co rr e la te d ,  e i ther  a t  Baratar ia  
Bay or Galveston Bay, with any of the other seven v a r i a b les .
CdSED. Cadmium in sediment was:
1) Negat ively c o rr e la te d ,  as noted above, with cad­
mium in water a t  Baratar ia Bay ( - . 6 2 2 * ) .
2) Negat ively correla ted  with zinc in shrimp at  Gal ­
veston Bay ( - . 6 5 0 * ) ;  as the amount of  cadmium in sediment  
decreased, the amount of zinc in shrimp increased. This 
re la t ion sh ip  did not hold a t  Baratar ia Bay.
3) Tending toward posi t ive  c o r r e la t io n  with pH of 
water a t  both Baratar ia Bay ( .557)  and Galveston Bay ( . 4 7 6 ) ;  
as the a l k a l i n i t y  of  the water increased,  there was a ten­
dency fo r  the amount of cadmium in sediment to increase.
4) Tending toward negative c o r r e la t io n  with s a l i n i t y  
of water a t  both Baratar ia  Bay ( - . 3 5 5 )  and Galveston Bay 
( - . 3 9 0 ) ;  as the amount of chlor ide ion increased,  there was 
a tendency fo r  the amount of cadmium in sediment to de­
crease.
5) Tending toward negative c o r r e la t io n  with zinc in 
oysters a t  both Baratar ia Bay ( - . 2 5 3 )  and Galveston Bay 
( - . 3 8 1 ) ;  as the amount of  cadmium in sediment increased,  
there was a tendency for  the amount of  zinc in oysters to 
decrease.
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6) Not s i g n i f i c a n t l y  corre la ted  a t  e i t h e r  bay with  
any of the other four v a r i a b le s ,  namely, zinc in water ,  zinc  
in sediment, cadmium in oysters ,  or cadmium in shrimp.
ZnHgO. Zinc in water was:
1) P osi t ive ly  cor re la ted  with s a l i n i t y  of water at  
Galveston Bay ( . 7 1 4 * * ) ;  as the amount of  chlor ide  ion i n ­
creased, the amount of zinc in water also increased.  This 
re la t ion sh ip  did not hold a t  Baratar ia  Bay.
2) P o s i t iv e ly  corre la ted  with cadmium in shrimp at  
Baratar ia  Bay ( . 5 9 5 * ) ;  as the amount of  zinc in water i n ­
creased, the amount of cadmium in shrimp also increased.
This re la t ion sh ip  did not hold a t  Galveston Bay.
3) Tending toward pos i t ive  c o r r e la t io n  with zinc in 
sediment a t  both Baratar ia Bay ( .366)  and Galveston Bay 
( . 5 2 9 ) ;  as the amount o f  zinc in water increased,  there  
was a tendency for  the amount of zinc in sediment to i n ­
crease.
4) Not s i g n i f i c a n t l y  corre la ted  at  e i ther  bay with  
any of the other six va r ia b les .
ZnSED. Zinc in sediment was:
1) Po s i t iv e ly  corre la ted  with pH of water a t  Galves­
ton Bay ( . 7 6 3 * * ) ;  as the a l k a l i n i t y  of the water increased,  
the amount of zinc in sediment also increased.  This r e l a ­
t ionship did not hold a t  Baratar ia  Bay.
2) Negatively corre la ted  with zinc in oysters at
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Baratar ia Bay ( - . 5 8 8 * ) ;  as the amount of zinc in sediment  
increased,  the amount of zinc in oysters decreased. This 
re la t io n s h ip  did not hold a t  Galveston Bay.
3) Tending, as noted above, to be p o s i t i v e l y  co rre ­
lated with zinc in water a t  both bays.
4) Not s i g n i f i c a n t l y  co r r e la te d ,  e i th e r  at  Baratar ia  
Bay or Galveston Bay, with any of  the other six va r i ab les .
SLHgO. S a l i n i t y  of water was:
1) P o s i t i v e ly  c o r r e la te d ,  as noted above, with cad­
mium in water a t  Baratar ia  Bay ( . 9 1 1 * * ) .
2) P o s i t iv e ly  c o r r e la te d ,  as noted above, with zinc 
in water at  Galveston Bay ( . 7 1 4 * * ) .
3) P o s i t i v e ly  cor re la ted  with zinc in shrimp at  
Galveston Bay ( . 5 8 2 * ) ;  as the amount of ch lor ide  ion i n ­
creased, the amount of  zinc in shrimp also increased.  This 
re la t ion sh ip  did not hold a t  Baratar ia  Bay.
4) Tending, as noted above, to be negat ive ly  co rre ­
lated a t  both bays with the amount of  cadmium in sediment.
5) Not s i g n i f i c a n t l y  cor re la ted  a t  e i t h e r  bay with 
any of the other f i v e  v a r i a b les .
pHHgO. The pH of water was:
1) P o s i t i v e ly  c o r r e la te d ,  as noted above, with zinc 
in sediment a t  Galveston Bay ( . 7 6 3 * * ) .
2) Tending, as noted above, to be p o s i t i v e l y  co rre ­
lated with cadmium in sediment a t  both bays.
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3) P o s i t i v e ly  corre la ted  with the amount of cadmium 
in oysters a t  Baratar ia  Bay ( . 7 8 3 * * ) ;  as the a l k a l i n i t y  of 
the water increased,  the amount of  cadmium in oysters also 
increased.  This re la t ion sh ip  did not hold a t  Galveston 
Bay.
4) Negat ively correla ted  with the amount of  zinc in 
oysters a t  Galveston Bay ( - . 6 1 9 * ) ;  as the a l k a l i n i t y  of the 
water increased,  the amount of  zinc in oysters decreased.  
This re la t io n s h ip  did not hold a t  Baratar ia  Bay.
5) Not s i g n i f i c a n t l y  cor re la ted  a t  e i th e r  by with 
any of the other f i v e  var ia b les .
CdOYS. Cadmium in oysters was:
1) P o s i t i v e ly  c o r r e la te d ,  as noted above, with pH of  
water a t  Baratar ia  Bay ( . 7 8 3 * * ) .
2) P o s i t i v e ly  cor re la ted  with the amount of  zinc in 
oysters a t  Galveston Bay ( . 6 1 8 * ) ;  in oysters as the amount 
of cadmium increased,  the amount of zinc also increased.  
This re la t io n s h ip  did not hold fo r  oysters from Baratar ia  
Bay.
3) Not s i g n i f i c a n t l y  correla ted a t  e i th e r  bay with  
any of the other seven var iab les .
ZnOYS. Zinc in oysters was:
1) Negat ively co rr e la te d ,  as noted above, with pH of  
water a t  Galveston Bay ( - . 6 1 9 * ) .
2) Negat ively co r r e la te d ,  as noted above, with zinc
102
in sediment a t  Baratar ia  Bay ( - . 5 8 8 * ) .
3) P o s i t i v e ly  c o r r e la te d ,  as noted above, with cad­
mium in oysters a t  Galveston Bay ( . 6 1 8 * ) ,
4) Not s i g n i f i c a n t l y  correla ted  a t  e i t h e r  bay with  
any of  the other six va r ia b le s .
CdSMP. Cadmium in shrimp was:
1) P o s i t i v e ly  c o r r e la te d ,  as noted above, with zinc 
in water a t  Baratar ia  Bay ( . 5 9 5 * ) .
2) Not s i g n i f i c a n t l y  corre la ted  a t  e i t h e r  bay with  
any of  the other e ight  va r ia b les .
ZnSMP. Zinc in shrimp was:
1) P o s i t i v e ly  co r r e la te d ,  as noted above, with  
s a l i n i t y  of  water a t  Galveston Bay ( . 5 8 2 * ) .
2) Negat ively c o r r e la te d ,  as noted above, with cad­
mium 1n sediment a t  Galveston Bay ( - . 6 5 0 * ) .
3) Not s i g n i f i c a n t l y  cor re la ted  a t  e i th e r  bay with 
any of the other e ight  va r ia b les .
SUMMARY AND CONCLUSIONS
Over a six-month period from October 1973 through 
March 1974, samples of  oysters and shrimp were co l lected  
biweekly a t  f i v e  locat ions ,  namely: (1)  by manual harvest­
ing at  Baratar ia  Bay, Louisiana,  which l ie s  a few miles 
west of the Mississippi  River and receives some water f ro  
that  source; (2)  by manual harvesting a t  Galveston Bay, 
Texas, which is about 350 miles west of Baratar ia  Bay and 
presumably is not appreciably inf luenced by the Mississippi  
River;  and by purchase a t  r e t a i l  markets in (3)  Baton Rouge,
(4)  New Orleans,  and (5)  Galveston.
Each time the s h e l l f i s h  were harvested,  samples of 
water and sediment were co l lected  a t  the two bay locations  
where the s h e l l f i s h  were caught, and also a t  six locat ions  
along the 120-mi le,  highly i n d u s t r i a l i z e d  course of the 
Lower Miss issippi  River between St .  F r a n c i s v i l l e  and 
Gramercy, Louisiana.  The r i v e r  locat ions where water and 
sediment samples were co l lected  were about 265, 255, 230,  
200, 175, and 145 miles from the mouth of the r i v e r .
The water samples were assayed fo r  s a l i n i t y  and pH 
values,  in addi t ion  to being analyzed for  cadmium and zinc  
contents which were determined fo r  a l l  samples of water,  
sediment, oysters,  and shrimp, in order to obtain
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information about the possible e f fec ts  of  ind u s t r i a l  e f ­
f l u e n t  wastes and pol lu tants  in the Lower Miss issippi  River  
on Gul f  shrimp and oysters.
The e f fects  of  two v a r i a b les ,  (a)  eleven locat ions  
(2 bays, 3 markets,  6 r i v e r  s ta t ions )  and (b) twelve b i ­
weekly r e p l i c a t e  co l lec t ions  of samples ( t i m e ) ,  on ten 
selected parameters gave sets of laboratory data pertaining  
to:  (1)  cadmium in water ,  (2)  zinc in water,  (3)  s a l i n i t y  
of  water ,  (4) pH of water ,  (5)  cadmium in sediment,
(6)  zinc in sediment, (7)  cadmium in oysters ,  (8)  zinc in 
oysters ,  (9)  cadmium in shrimp, and (10) zinc in shrimp.
Each of  the ten sets of  data corresponded to those 
of  a f a c t o r i a l  design,  R x L, where L stands fo r  locat ion  
and R stands fo r  r e p l i ca tes  ( t im e ) .  Each set  of  data was 
subjected to a standard analysis o f  var iance,  and a matrix  
consist ing of 45 pairs of  c o r r e la t io n  c o e f f i c ie n t s  de­
l in e a t in g  the ind iv idua l  c h a rac te r is t ic s  of the two bays 
was computed a t  the Louisiana State Un ivers i ty  Computer 
Research Center using the S t a t i s t i c a l  Analysis System (SAS) 
developed by Goodnight and Barr.  The major f indings of  
these analyses are out l ined below.
Cadmium in Mater
For 90 miles below St.  F r a n c i s v i l l e ,  where the mean 
value was 1.55 ppb, the cadmium content of r i v e r  water 
s te a d i ly  increased a t  a rate of 1.67 ppb/100 miles and
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at ta ined a maximum mean value of 3.06 ppb at  Donaldsonvi11e . 
The mean value had decreased to 2.91 ppb a t  Gramercy, 30 
miles f a r t h e r  downstream. Al l  the observed r i v e r  values 
fo r  cadmium were much higher than those at  Baratar ia Bay 
and Galveston Bay which were 0.87 and 0.81 ppb, respec­
t i v e l y .  The d i f fe rence  between the values fo r  the two bays 
was not s i g n i f i c a n t  (p > 0 . 0 5 ) .
Cadmium in Sediment
Cadmium in sediments occurred in concentrat ions rang­
ing from 150- fold to 425-fo ld  greater  than the amounts of 
th is  element found in water at  the same locat ions.  The 
mean sediment values varied from sta t ion  to s ta t ion  along 
the r i v e r ,  with the least  amount of  cadmium in r i v e r  sedi ­
ments, 0.32 ppm, being observed a t  Baton Rouge, whereas 
only 30 miles downstream a t  St .  Gabr ie l ,  the greatest  con­
c e n t r a t io n ,  0.48 ppm, was found. A plaus ible explanat ion  
of th is  f ind ing  is tha t  in the Baton Rouge area ,  the indus­
t r i a l  wastes discharged into the r i v e r  contained appre­
c iab le  quant i t ies  of po l lu tants  t h a t ,  in e f f e c t ,  leached 
cadmium from the sediment and in so doing increased cadmium 
in the water ,  whi le lowering the sediment value a t  Baton 
Rouge, Cadmium values for  water and sediment at  stat ions  
below Baton Rouge suggest that  th is  element was removed 
from Baton Rouge sediment and then deposited a t  other loca­
t ions f a r t h e r  downstream. The cadmium content of sediment
106
at  Baratar ia  Bay was 0.37 ppm, which was s i g n i f i c a n t l y  
greater  than the value of 0.30 ppm observed a t  Galveston 
Bay.
Zinc in Mater
At St .  F r a n c i s v i l l e ,  the f a r t h e s t  upstream of the 
six r i v e r  s ta t io n s ,  the zinc content of water f luctuated  
most, the extremes there being 12.0 and 30,0 ppb during the 
six-month period.  The maximum range observed a t  any of the 
other f i v e  stat ions was 14 .0 -2 8 .0  ppb a t  Port Hudson. The 
mean values fo r  zinc in water a t  the individual  r i v e r  s t a ­
t ions ranged from 18.92 at  St .  F r a n c is v i l l e  to 22.67 ppb a t  
Baton Rouge. The mean zinc content of  water a t  St,  Francis-  
v i l l e  was not s i g n i f i c a n t l y  less (p > 0 .05)  than the over­
a l l  mean, 20.65 ppb, fo r  the other f i v e  s ta t io n s ,  but the 
Baton Rouge mean was s i g n i f i c a n t l y  greater  (p < 0 .05)  than 
the overal l  mean, 19.90 ppb, fo r  i t s  f i v e  s i s t e r  s ta t io n s .  
The zinc content of water increased s te a d i ly  at  a ra te  of  
9.38 ppb/100 miles between St .  F r a n c is v i l l e  and Baton Rouge, 
where the trend abrupt ly changed and began decreasing a t  a 
ra te  of 11.36 ppb/100 mi les.  Below St .  Gabr ie l ,  where the 
mean zinc content of  water was 19.83 ppb, the amount of  
zinc in water tended to s t a b i l i z e  with no s i g n i f i c a n t  de­
partures from th is  concentrat ion.  A l l  the mean r i v e r  
values fo r  zinc in water were higher than the mean value,  
16.17 ppb, fo r  Baratar ia Bay which was s i g n i f i c a n t l y  less
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(p < 0 .05)  than 19.83 ppb, the mean value for  Galveston Bay.
Zinc 1n Sediment
Zinc in sediments occurred in concentrat ions that  
were 1,400 to 2,500 times greater  than the amounts of zinc 
in water a t  the same locat ions .  For the six locat ions along 
the r i v e r ,  the mean sediment values were r e l a t i v e l y  constant  
and ranged from 31.67 ppm a t  Baton Rouge to 32.50 ppm a t  
St.  Gabriel  and Donaldsonvi1le .  Comparison of the trends 
downstream from Baton Rouge, of  the amounts of zinc in 
water and sediments with those of cadmium in water and sedi ­
ments, revealed c e r ta in  general s i m i l a r i t i e s  which impl icate  
Baton Rouge as a locat ion  where the two metals are removed 
from sediment and then deposited f a r t h e r  downstream. The 
ove ra l l  mean value fo r  zinc in r i v e r  sediments was 32.21 
ppm which was much less (p < 0 .01)  than the va lue ,  41.50 ppm, 
f o r  Baratar ia  Bay, which, in turn,  was f a r  greater  
(p < 0 .01)  than the value,  19.08 ppm, fo r  Galveston Bay.
S a l i n i t y  o f  Water
The mean s a l i n i t y  values ( m i l l i g r a m s / l i t e r )  f o r  the 
r i v e r  stat ions ranged from 15.75 a t  St .  F ra n c is v i11e and 
Baton Rouge to 18.83 a t  Donaldsonvi11e. Like the mean 
values fo r  cadmium and zinc in sediment, that  fo r  s a l i n i t y  
of water was smallest  at  Baton Rouge. The overa l l  mean 
s a l i n i t y  value for  the six r i v e r  stat ions was 16.75 which
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s i g n i f i c a n t l y  less (p < 0 .01)  than the value,  19 .33 ,  for  
Baratar ia  Bay, which i t s e l f  was s i g n i f i c a n t l y  less 
(p < 0 .01)  than 24 .25 ,  the value fo r  Galveston Bay.
pH of Water
The mean pH values of  water varied from sta t io n  to 
sta t ion  along the r i v e r .  The lowest mean value,  7 .23 ,  was 
observed a t  St ,  Gabr ie l ,  whereas the maximum value,  7 .57 ,  
was found a t  Donaldsonvi l ie ,  only 25 miles downstream from 
St.  Gabr ie l .  This f ind ing suggests that  wastes from the 
complex of i n d u s t r i a l  chemical plants a t  Geismar, midway 
between St.  Gabriel  and Donaldsonvi11e, may have n e u t r a l ­
ized the ac id ic  po l lu tants  associated with upstream loca­
t ions.  The overa l l  mean pH values fo r  the six r i v e r  s ta ­
tions was 7 .4 0 ,  which was s l i g h t l y  less than 7 ,44 ,  the mean 
value f o r  Baratar ia  Bay, which was s i g n i f i c a n t l y  lower 
(p < 0 .05)  than 7 . 7 8 ,  the pH value of water a t  Galveston 
Bay.
Cadmium in Oysters
The concentrat ion of cadmium in oysters was approxi ­
mately 1,000 times greater  than the concentrat ion of this  
element in the bay waters where the oysters were harvested.  
There was no s i g n i f i c a n t  d i f fe rence  (p > 0 .05)  between the 
mean cadmium contents of oysters from the two bays; fo r  
those from Baratar ia  Bay the mean value was 0.79 ppm as
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compared to 0.84 ppm fo r  those taken from Galveston Bay.
On the same dates that  the twelve co l le c t ions  of oysters 
were harvested in each bay over the six-month per iod,  pur­
chases of oysters on the r e t a i l  market were made in Baton 
Rouge, New Orleans,  and Galveston. The mean cadmium con­
tents o f  market oysters from these three locat ions were
0 .42 ,  0 .4 5 ,  and 0.44 ppm, re s p e c t iv e ly .  Di f ferences among 
these mean cadmium values fo r  market oysters were not s ig ­
n i f i c a n t ,  The market oysters contained s i g n i f i c a n t l y  less 
(p < 0 .01)  cadmium than the f re sh ly  shucked bay oysters.  
Whether the market oysters came from Baratar ia  Bay, Galves­
ton Bay, or from other locat ions is not known.
Zinc in Oysters
The concentrat ion of zinc in oysters was roughly 
25,000 times greater  than the concentrat ion of  this metal 
in the bay waters where the oysters were taken.  The mean 
zinc content  of  oysters from Baratar ia  Bay was 458.8 ppm 
and of those from Galveston Bay, 456.2 ppm. The d i f f e r ­
ence between these two mean values was not s i g n i f i c a n t  
(p > 0 . 0 5 ) .  The mean zinc contents of oysters purchased 
on the Baton Rouge, New Orleans,  and Galveston markets were 
441.9 ,  437.3 ,  and 446.8 ppm, re s p e c t iv e ly .  The s t a t i s t i c a l  
analysis of variance indicated that  d i f fe rences  in zinc 
content of  oysters due to locat ion  were not s i g n i f i c a n t ,  
but there was a s i g n i f i c a n t  d i f fe rence  (p < 0 .05)  due to
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time. Bay oysters harvested ear ly  in the calendar year  
(January through March 1974) contained 7% more zinc than 
those harvested la te  in the year (October through December 
1973); fo r  these two periods the mean zinc values were 474.6  
and 445.4 ppm, re sp ec t ive ly .  Oysters from the Baton Rouge 
market showed a s l i g h t l y  grea ter  increase,  9%, with r e ­
spect to the two periods of t ime,  the mean zinc contents 
being 426.3 and 463.8 ppm, re s p e c t iv e ly .  In marked con­
t r a s t ,  oysters from the New Orleans and Galveston markets 
showed almost no change with respect  to the two periods of 
t ime. The mean zinc contents were 436.4 and 434.6 a t  New 
Orleans,  and 446.7 and 446.8 a t  Galveston,  respec t ive ly .
Over the six-month period covered by this study, ind iv idual  
values fo r  oyster samples ranged from 398 to 500 ppm.
Cadmium in Shrimp
The concentrat ion of  cadmium in shrimp was about 450 
times greater  than that  of  the water where the shrimp were 
caught; the ra t ios  fo r  cadmium in shrimp/cadmium in water  
for  the two bays were qui te s i m i l a r ,  being 448.3 fo r  Bara­
t a r i a  Bay and 456.8 for  Galveston Bay. The mean cadmium 
contents of shrimp were remarkably constant during the s ix -  
month period covered by this study. According to the analy­
sis of var iance,  nei ther  time nor place of c o l le c t io n  of  
shrimp s i g n i f i c a n t l y  inf luenced t h e i r  cadmium contents 
which ranged from 0.37 ppm fo r  both Galveston Bay and the
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Galveston market,  to 0.40 ppm fo r  the New Orleans market.
The overa l l  mean value fo r  cadmium in shrimp was 0.38 ppm, 
with values fo r  ind ividua l  samples ranging from 0.28 to
0.53 ppm.
Zinc in Shrimp
The concentrat ions of zinc in shrimp taken from 
Baratar ia  Bay and Galveston Bay were 21,500 and 17,700  
times greater  than the concentrat ions of zinc in water a t  
these two locat ions ,  respec t ive ly .  The mean zinc contents 
of shrimp, l i k e  those of cadmium, varied only s l i g h t l y  
(p > 0 .05)  during th is  six-month study. The analysis of  
variance indicated that  nei ther  time nor place of  c o l l e c ­
t ion s i g n i f i c a n t l y  af fected  zinc content of shrimp. A l ­
though the mean zinc content of  water at  Galveston Bay was 
23% greater  than that  a t  Baratar ia  Bay, the mean zinc con­
tent  of  shrimp from Galveston Bay was only one percent more 
than that  of  shrimp from Baratar ia  Bay, the values fo r  the 
two locat ions being 351.8 and 347.7 ppm, respec t i ve ly .  The 
d i f fe re nc e  was not s i g n i f i c a n t .  Shrimp from the New Orleans 
market contained the least  amount of  z inc ,  340.5 ppm, 
whereas those from the Baton Rouge market contained the most 
z inc ,  353.0 ppm. Compared with shrimp, oysters contained 
about one- th ird more zinc than shrimp, the r e l a t i v e  amounts 
being 32% more a t  Baratar ia Bay, and 30% more a t  Galveston 
Bay.
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Corre la t io n  C o e f f i c ie n ts  of  Var iables  
fo r  Baratar ia  Bay and Galveston Bay
A matr ix consist ing of  45 pai rs of  c o r r e l a t i o n  co­
e f f i c i e n t s ,  one for  each r e la t io n s h ip  possible among the 
ten cha ra c te r is t ic s  del ineated  fo r  each of the two bays, 
was computed and the ind iv idu a l  values were evaluated for  
s t a t i s t i c a l  s ign i f i ca nc e .
At Baratar ia  Bay f i v e  r e la t io n s h ip s ,  three of which 
involved s h e l l f i s h ,  were s i g n i f i c a n t :
(1)  pH of water was p o s i t i v e l y  co rre la ted  with cadmium in 
oysters (p < 0 . 0 1 ) ;  as the a l k a l i n i t y  of water i n ­
creased, the amount of  cadmium in oysters also i n ­
creased .
(2)  Zinc in water was p o s i t i v e l y  co rre la ted  with cadmium in 
shrimp (p < 0 .0 5 ) ;  as the amount of zinc in water i n ­
creased, the amount of cadmium in shrimp also increased.
(3)  Zinc in sediment was negat ive ly  corre la ted  with zinc in 
oysters (p < 0 . 0 5 ) ;  as the amount of  zinc in sediment 
decreased, the amount of zinc in oysters increased.
(4)  S a l i n i t y  of water was p o s i t i v e l y  co rre la ted  with cad­
mium in water (p < 0 . 0 1 ) ;  as the amount of ch lor ide  ion 
in water increased,  the amount of  cadmium in water also 
increased.
(5)  Cadmium in water was negat ive ly  cor re la ted  with cadmium 
in sediment (p < 0 . 0 5 ) ;  as the amount of  cadmium in 
water decreased, the amount of cadmium in sediment i n ­
creased.
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None of the above f i v e  re la t ionsh ip s  were s i g n i f i ­
cant at  Galveston Bay, where six other c o r r e la t io n  c o e f f i ­
c i e n t s ,  four of  which involved s h e l l f i s h ,  were s i g n i f i c a n t :
(1)  S a l i n i t y  of  water was p o s i t i v e l y  co rre la ted  with zinc 
in shrimp (p < 0 . 0 5 ) ;  as the amount of  chlor ide  ion in 
water increased,  the amount of zinc in shrimp also i n ­
creased .
(2)  pH of water was negat ive ly  co rre la ted  with zinc in 
oysters (p < 0 .0 5 ) ;  as the a l k a l i n i t y  of water increased,  
the amount of  zinc 1n oysters decreased.
(3)  Cadmium in sediment was negat ive ly  corre la ted  with zinc 
in shrimp (p < 0 . 0 5 ) ;  as the amount of  cadmium in water  
increased,  the amount of  zinc in shrimp decreased.
(4)  Cadmium in oysters was p o s i t i v e l y  cor re la ted  with zinc 
in oysters (p < 0 . 0 5 ) ;  as the amount of cadmium in 
oysters increased,  the amount of  zinc in oysters also 
increased.
(5)  pH of  water was p o s i t i v e l y  corre la ted  with zinc in 
sediment (p < 0 . 0 1 ) ;  as the a l k a l i n i t y  of water i n ­
creased in Galveston Bay, the zinc in sediment there  
also increased.
(6)  S a l i n i t y  of  water was p o s i t i v e l y  cor re la ted  with zinc 
in water (p < 0 .0 1 ) ;  as the amount of  ch lor ide  ion in 
water a t  Galveston Bay increased,  the zinc content of  
water there also increased.
None of the above six re la t io nsh ip s  were s i g n i f i c a n t  
at  Baratar ia  Bay.
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I t  is concluded that  the zinc and cadmium contents 
of oysters and shrimp from Baratar ia  Bay are very s im i la r  
to those of t h e i r  counterparts from Galveston Bay, although 
the environmental var iables of  the two bays are s i g n i f i ­
cant ly  d i f f e r e n t .
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APPENDIX
TABLE la
I n d u s t r i a l  Waste Discharge 
on the Lower Mississippi  River  
in Louisiana
Company
A l l i e d  Chemical Corporation 
I n d u s t r i a l  Chemical D iv is ion  
(Baton Rouge)
A l l i e d  Chemical Corporation 
S p e c ia l i t y  Chemical Divis ion  
(Baton Rouge)
A l l i e d  Chemical Corporation 
P la s t ic  Division  
(Scot landvi11e)
A l l i e d  Chemical Corporation 
Geismar Complex 
(Geismar)
A l l i e d  Chemical Corporation 
I nd u s t r i a l  Chemical Division  
(Marrero)
American Cynamid Company 
(Avondale)
Argus Chemical Corporation  
(Hahnvi l ie )
Avondale Shipyards I n c . ,  
(Avondale)
BASF Wyandotte Corporation 
(Gei smar)
Borden, Inc.
Borden Chemical Division  
(Geismar)
The Celotex Corporation 
(Marrero)
C. F. Industr ies  
(Donaldsonvi l ie )
Type of Waste Discharge
Chemical and 
Petrochemical
Chemical (Chlor ides,  















Chevron Chemical Company 
Oronite Add. Divis ion  
Oak Point Plant  
(Be l le  Chasse)
C1ba-Ge1gy Chemical Corporation  
(S t .  Gabr ie l )
Copolymer Rubber & Petrochemical  
Corporation  
(Baton Rouge)
Copolymer Rubber & Petrochemical  
Corporation 
(Addis)
Cos-Mar P lant ,  Mar-Petrochemical  
Division of Borg-Warner 
(C a rv i11e)
Crown-Zellerbach Corporation  
(S t .  F ranc lsv i1le )
The Dow Chemical Company 
(Plaquemlne)
E. I .  duPont de Nemours & Co. ,  
I nc.
(Laplace)
Enjay Chemical Company 
Chemical Plant  
(Baton Rouge)
Enjay Chemical Company 
P la s t ic  Division  
(S c o t l a n d v i l i e )
Ethyl Corporation  
(Baton Rouge)
Foster Grant Company Inc.  
(Baton Rouge)
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Type o f  Waste Discharge
Organic Chemical
Agri-chemi cal
Oil  and grease t rap ,  
steam st r ipp ing of  
styrene,  removal of  
rubber p a r t i c le s  by 
screens and hydrocyclones,  
surge systems to 
handle p lant  upsets,  
segregation of storm 
and process water.
P r e c ip i t a t io n  basin,  
oxidat ion .
Aerated packaged plant  
for  san i ta ry  wastes,  
c h lor in a t ion  of intake  
water.









Freeport  Chemical Company 
Division of Freeport  Minerals  
(Uncle Sam)
Freeport  Sulphur Company 
(Port  Sulphur)
Georgia P a c i f ic  Corporation  
Port Hudson Pulp Plant  
(Port  Hudson)
Getty Oil  Company 
(Venice)
Goodyear T i r e  & Rubber Company 
(PIaquemlne)
Gulf  Oil  Company 
( Veni ce)
Gulf  Oil  Chemical Company 
(Welcome)
Hercules,  Inc.
Allemania Plant  
(Plaquemi ne)
Hooker Chemical Corporation 
(Hahnvi l ie )
Humble Oil  & Refining Company 
(Baton Rouge)
Jackson Brewing Company 
(New Orleans)
Kaiser Aluminum & Chemical 
Corporation  
(Baton Rouge)
Kaiser Aluminum & Chemical 
Corporation  
(Chalmette)





Type o f  Waste Discharge
Chemi cal
Carbon Sulphur Compounds 



















( L u l ln g )
Murphy Oil  Company 
(Meraux)
Occidental  Chemical Company 
(Hahnvi l ie )




Schuyki l l  Metals Corporation  
(Baton Rouge)
Shel l .Chemical  Company 
(Geismar)
Shell  Chemical Company 
(Norco)
S ta u f fe r  Chemical Company 
(Baton Rouge)
S tau f f e r  Chemical Company 
(S t .  Gabr ie l )






Union Carbide Corporation 
(Hahnvi l ie )
UniRoyal,  Inc.
(Scot landvi11e)
UniRoyal , I n c .
(Baton Rouge)
Type o f  Waste Discharge
Petrochemical
Chemical
Oil  r e f in e r y
Inorganic chemical
Pol lu t ion  Abatement 
Plant
Petrochemical  
Secondary lead smelter  
Petrochemi cal  
Petrochemi cal  
Petrochemi cal  
Chemi cal  
Oil  r e f in e r y  
Oil r e f in e r y  
Ammonia, Urea 
Petrochemical  




UniRoyal Chemical Division  
(Gei smar)
Universal  Foods Corporation 
Red Star  
(Be l le  Chasse)
Vulcan Mater ia ls  Company 
Chemical Division  
(Gei smar)
Witco Chemical Corporation  
Sonneborn Division  
(Gretna)




Oil addi t ives
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TABLE 2a
Average Yearly Suspended-Sediment Load 
vs. Yearly Mean Stream Flow























Downstream Changes in Sediment Concentrations 
at  D i f f e r e n t  Water Discharges Based on Field Data 
Col lected by the U.S. Geological  Survey
n . . - . River discharqe (c f s )
Head-of-Passes6  950,000 600,000 330,000 186,000
Sediment Concentration (mg/L)
505 (Ark . -La .  State  
Li ne)
301 2 0 0
434 380 - - 298
385 411 282 2 0 0
366 386 277 150
355 393 253 160
313 459 250 150
267 476 254 105
236 (Baton Rouge) 484 380 238 61
225 460 371 54
206 492 362 224 38
176 554 383 238 36
150 553 368 2 1 1 34
1 2 0 580 373 191 32
104 (New Or!eans 617 378 193 35




of Cadmium in Spiked Shrimp
Cadmi urn Recovered (ppm) Percent Recovery
added Wet Dry Wet dry
(ppm) Digestion Digestion Digestion Digest i  on
5.0 4.500 4.700 90 94
2.5 2.250 2.300 90 92
1 . 0 0.880 0.930 8 8 93
0.5 0.455 0.450 91 90
0 . 1
0 . 0
0.085 0.090 85 90




of Cadmium in Spiked Oysters
Cadmi urn Recovered (ppm) Percent Recovery
added Wet Dry Wet Dry
(ppm) Diges t ion Digestion Digestion Digestion
5.0 4.900 5.150 98 103
2.5 2.375 2.575 95 103
1 . 0 1 . 0 2 0 0.970 1 0 2 97
0.5 0.480 0.475 96 95
0 . 1 0.085 0.088 85 8 8
0 . 0
Average o f  f i v e  samples.
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TABLE 6 a













1 0 0 90.0 95.0 90 95
75 69.0 73.5 92 98
50 45.0 47.0 90 94
25 24.0 27.0 96 98
1 0 8.5 9.0 85 90
0
Average o f  f i v e  samples.
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TABLE 7a













1 0 0 97.0 1 0 2 . 0 97 1 0 2
75 71 .3 73.5 95 98
50 49.0 52.5 98 105
25 24.3 24.5 97 98
1 0 8.7 9.0 87 90
0
Average o f  f i v e  samples.
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Percent
TABLE 8 a 
Recovery of Zinc in Spiked Water
Zinc added Recovered Percent
(ppb) (ppb) Recovery
1 0 0 98.0 98
75 75.0 1 0 0
50 48.0 96
25 24.5 98
1 0 8 . 8 8 8
0




Recovery of  Zinc in Spiked Sediment
Zinc added Recovered Percent
(ppb) (ppb) Recovery




1 0 8 . 8 8 8
0
Average o f  f i v e  samples.
TABLE 10a
Cadmium Levels  i n  Water Samples
(ppb)
Location S a m p 1 e N u m b e r
1 2 3 4 5 6 7 6 9 n o ..... 1 1 1 2
1 1.51 1.62 1 .51 1.52 1.60 1.56 1 .54 1.62 1 .61 1.49 1.51 1.52
2 1.60 1 .48 1.64 1 .53 1 .55 1.98 1 .98 1.98 1 .58 1 .47 1.60 1.60
3 1.64 1 .62 1.60 2.60 2.56 2.50 2.50 1 .62 2.53 2.58 1 .62 2.61
4 2.52 2.52 2.49 2.56 1 .58 2.53 2.60 3.60 2.62 2.58 2.62 1.52
5 2.61 3.59 2.55 3.53 3.62 2.48 2.48 2.53 3.57 3.56 3.62 2.60
6 3.56 2.60 3.59 2.51 2.55 2.60 2.55 2.58 2.56 3.63 3.59 2.63
7 0.80 0.70 0.50 0 . 6 6 0.45 0.91 1 .26 1 . 1 0 1 .90 0.85 0.70 0.61
8 0.81 0.45 0.89 0 . 8 8 0.89 0.65 1 .64 0 . 6 6 0.52 1 . 1 1 0.59 0.64
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TABLE 11a
Cadmium Levels i n  Bottom Sediments
(ppm)
L o c a t i o n S a m p 1 e N u m b e r
1 2 3 4 5 6 1 8 9 " 1 0 1 1 1 2
1 0.33 0.32 0.33 0.40 0.33 0.37 0.32 0.35 0.38 0.36 0.30 0.30
2 0.45 0.43 0.32 0.32 0.36 0.49 0.49 0.43 0.31 0.36 0.38 0.46
3 0.31 0.33 0.31 0.35 0.35 0.29 0.38 0.40 0.31 0.28 0.28 0.28
4 0.30 0.49 0.54 0.56 0.44 0.37 0.51 0.51 0.54 0.58 0.49 0.41
5 0.40 0.53 0.53 o;52 0.40 0.45 0.37 0.37 0.37 0.39 0.45 0.45
6 0.38 0.41 0.42 0.43 0.41 0.38 0.36 0.37 0.35 0.34 0.37 0.39
7 0.43 0.42 0.45 0.40 0.38 0.35 0.35 0.32 0.31 0.34 0.34 0.35
8 0.38 0.38 0.34 0.28 0.28 0.26 0.25 0.31 0.31 0.25 0.26 0.25
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TABLE 12a
Zinc Levels in  Water Samples
(ppb)
Location S a m p 1 e N u m b e r
1 2 3 4 5 6 1 8 9 1 0 1 1 1 2
1 2 0 2 2 1 2 2 0 15 18 14 2 0 26 30 17 13
2 19 2 1 2 1 16 17 23 28 19 19 2 2 2 1 14
3 28 25 18 27 26 16 2 2 24 26 2 0 2 1 19
4 2 0 18 17 2 1 2 2 2 2 19 16 24 23 18 18
5 19 24 19 2 2 26 17 25 25 2 0 2 1 15 14
6 18 2 0 23 25 2 2 19 17 16 2 0 23 2 1 18
7 18 15 16 16 13 2 0 19 19 13 1 2 18 15
8 16 2 0 2 1 24 18 17 23 2 1 19 15 2 2 2 2
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TABLE 13a
Zinc Levels in  Bottom Sediments
(ppm)
Location S a m p 1 e N u m b e r
1 2 3 4 5 6 7 8 9 1 0 1 1 1 2
1 34 31 34 28 33 28 30 34 34 35 33 31
2 28 30 30 30 31 29 35 37 37 28 37 36
3 36 36 31 30 35 35 28 27 30 31 28 33
4 33 34 34 33 36 31 30 30 32 31 33 33
5 30 31 28 35 36 36 35 35 33 30 32 29
6 34 34 31 35 33 32 29 29 32 30 31 36
7 44 42 39 36 45 48 48 36 36 40 42 42
8 18 24 2 0 2 0 2 0 16 23 2 1 1 2 16 19 2 0
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TABLE 14a
S a l i n i t y  (Total  Chlor ides)  of Water Samples 
(mi 1 1 igrams/ 1 i t e r  ) *
Locati  on
1 16 16 18 17 16
2 16 15 16 15 15
3 15 14 14 14 15
4 17 18 18 18 18
5 19 2 0 19 2 1 17
6 18 16 17 18 2 0
7 2 0 18 18 18 17
8 19 2 2 27 26 23
1 e N u m b e r
6 7 8 9 1 0 1 1 1 2
16 15 1 2 16 15 16 16
14 16 17 2 1 15 2 0 17
2 1 15 14 16 2 0 16 15
17 16 14 17 17 15 16
19 2 0 19 19 16 19 18
16 17 15 16 17 18 16
18 25 2 0 27 19 16 16
24 25 26 26 2 2 26 25
*Values approximated to the next nearest in teger .
TABLE 15a 
pH of Water Samples*
Location S a m p 1 e N u m b e r1 2 3 4 6 6 7 8 9 10 l l "  12
1 7.2 7.2 7.6 7.8 7.0 7.5 8 . 1 8 . 0 7.1 7.5
C
M• 7.0
2 7.5 8 . 1 8.5 7.3 7.0 7.0 7.0 7.2 7.4 7.4 7.4 7.4
3 7.0 7.0 7.0 7.6 7.6 7.5 7.3 7.2 7.3 7.0 7.3 8.1
4 7.1 7.8 7.0 7.0 7.5 7.3 7.2 7.2 7.2 7.6 6.9 7.0
5 7.5 7.4 7.0 8 . 1 8 . 1 8 . 0 8 . 2 7.1 7.1 7.5 7.6
C
M•
6 7.1 7.1 7.1 6.9 7.9 7.5 7.5 7.6 7.3 7.2 7.5 8 . 0
7 8 . 1 7.9 7.4 7.4 7.6 7.5 7.6 7.4 7.4 7.0 7.0 7.0




8 . 1 7.9 7.9 7.4 8 . 1 8 . 0 7.4 7.3 7.4 7.8
*pH was determined immediately a f t e r  the samples ar r ived a t  the Food Science 
Laboratory.
TABLE 16a
Cadmium Levels i n  Oyster  Meats
(Dry Weight ppm)
,  S a m p l e  N u m b e rLocation - - |   ̂ 3  5  j —k g j  § 3  -pg n  ^
Baratar ia  Bay 1 . 0 0 0.98 0.60 0 . 8 8 0.75 0.78 0.83 0.82 0.79 0 . 6 8 0 . 6 6 0.74
New Orleans 
Local Market 0.48 0.52 0.56 0.50 0.41 0.39 0.40 0.53 0.44 0.41 0.39 0.37
Baton Rouge 
Local Market 0.50 0.50 0.42 0.36 0.43 0.49 0.41 0.41 0.38 0.35 0.33 0.49
Galveston Bay 0.81 0.98 0.75 0.76 0.70 0.70 0.70 0.85 0.95 1 . 0 0 0.95 0.95
Galveston 
Local Market 0.48 0.48 0.47 0.46 0.50 0.41 0.42 0.41 0.39 0.43 0.44 0.41
TABLE 17a
Zinc Levels i n  Oyster  Meats
(Dry Weight ppm)
Locati  on S a m p 1 e N u m b e r
2 3 4 5 6 1 8 9 1 0 '  " 1 1 1 2
Baratar ia Bay 429 500 432 472 448 445 400 482 481 459 478 480
New Orleans 
Local Market 400 430 435 441 452 476 421 431 421 421 428 472
Baton Rouge 
Local Market 412 430 412 432 413 435 450 500 478 446 446 449
Galveston Bay 428 481 411 422 436 478 453 462 453 490 488 473
G*al veston 
Local Market 405 432 445 438 480 492 435 469 478 445 444 398
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TABLE 18a
Cadmium Levels i n  Peeled and Deveined Shrimp
(Dry Weight  ppm)
Location S a m p 1 e N u m b e r
1 2 3 4 5 6 y 8 9 lo n 12
Baratar ia  Bay 0.40 0.36 0.42 0.50 0.33 0.42 0.38 0.51 0.28 0.30 0.33 0.40
New Orleans 
Local Market  
( f rozen)
0.38 0.41 0.38 0.36 0.29 0.43 0.33 0.37 0.43 0.53 0.48 0.38
Baton Rouge 
Local Market  
( f rozen)
0.28 0.52 0.39 0.34 0.44 0.40 0.33 0.29 0.50 0.43 0.33 0.31




0.35 0.36 0.42 0.43 0.50 0.39 0.29 0.36 0.32 0.37 0.36 0.28
TABLE 19a
Zinc Levels  i n  Peeled and Deveined Shrimp
(Dry Weight ppm)
Location S a m p 1 e  -----5"
N u m b e r  
7 S----- HT I T I T
Baratar ia Bay
New Orleans
Local Market  
( f rozen)
Baton Rouge




Local Market  
( f rozen)
289 386 386 300 345 346 378 378 300 382 340 342
341 328 348 341 388 324 363 362 300 341 329 321
350 322 341 343 341 352 339 337 380 378 372 381
312 329 362 364 367 341 342 339 361 370 372 363
330 345 378 380 325 390 310 320 330 350 355 315
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